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PREFACE
T o p rotect and im prove the total human environm ent is a m ajor con cern of a ll the nations of the
w orld . T his is w ell noted in the recen t a ctiv ities of the United N ations. The p rovision of decent hom es
fo r ev ery fam ily of our w orld is an in tegral part o f the human environm ent. It is this b e lie f which gen 
erated the initial in terest fo r the planning of the International Sym posia on L o w e r-C o st Housing P ro b le m s.
The purpose of the Second International Symposium is many sid ed : to generate co n ce rn on the h ous
ing p rob lem s around the w orld as they exist today; to gather people who share mutual in terest on the
topic to exchange their knowledge and e x p e r ie n c e s ; to publish a P ro ce e d in g s of the sym posium as a
perm anent document related to various asp ects o f the housing p ro b le m .
The theme of the sym posium is the application of the Integrated System s A pproach tow ards the total
solution of the housing needs of the w o rld . T his approach includes the concepts of System s Building and
sy stem s an alysis. To use them b en eficia lly and efficie n tly , a com preh en sive in te r-d iscip lin a ry study
is n e ce ssa r y to define a ll the fa ctors a sso cia te d with the housing to p ic . A housing unit, w h erever it is
located , needs to be con sid ered as a part of the total environm ent. A structure b ecom es hom e when it
is occu p ied by p eople. The su cce ss and perm anence of a housing p r o je c t w ill depend on both the physical
qualities of the buildings and the human feelin gs toward them . It is this aw aren ess which demands the
definition of all fa cto rs which affect housing p ro b le m s. The ph ysical ones can be rather e a sily d e ter
m ined with the aid of engineering know ledge. The human fa ctors a re the on es which re q u ire great in 
genuity in their establish m en ts. The in te r-d iscip lin a ry approach is the only means to define the p e r 
tinent human fa cto rs p r o p e r ly . The sta tistica l inform ation is obtained by su rveys rim on the occupants
of sim ila r housing p ro je cts which w ere p rev iou sly con stru cted . Once all these fa cto rs are brought to
light, they are related with log ica l o p e ra tio n s. The goal of the Integrated System s A pproach is to reach
an optimum resu lt fo r total planning with the con sid eration of a ll relevant fa c t o r s .
The many excellent papers which are contributed by competent authors d escrib e e v e ry phase of the
housing technology and production. T he papers a re se lected and printed in such a manner to include
e v e ry asp ect of housing p rob lem s with a continuity of the su bject. A ca re fu l study of the P roceed in g s
w ill brin g to focu s one m a jo r contribution which is the in clusion of m o re s cie n tific knowledge and methods
to the housing technology. T his w ill d efinitely help to im p rove the p resen t p roced u res used in the h ou s
ing produ ction .
The need fo r new lo w e r -c o s t housing units is great and w ill be g re a te r in the near future. This
cre a te s m a jor s o cia l and e con om ic r e s p o n sib ilitie s to a ll who are a sso cia te d with the housing industry.
They have to prepare th em selves in o r d e r to sa tisfy the need in quality and quantity; oth erw ise a s o cia l
chaos w ill be inevitable. I sin cerely hope that the Second International Symposium and the P roceed in g s
w ill be a positive contribution towards the understanding of the totality and im portance o f the housing
p roblem s and needs of e v e ry country o f the w o rld .
Oktay U ral

IX

THE SYSTEMS APPROACH TO LOWER-COST HOUSING
by
Kenneth G. Jessop*

numbers of dwellings in the very hearts of our great cities. The
Government quickly organised into suitable associations many of
the companies so recently fully dedicated to the production of war
products and the integration of effort and co-ordination of supply,
storage and distribution were quickly put into effect by the then
Ministry of Works under the overall umbrella of “ The Temporary
Housing Programme” .
A series of single-storey houses, designed for a life of 60
years but planned for 10 years, was developed employing a wide
variety of materials and each housing type became a “ Project” .
The control of each “ P roject” was entrusted to a General Managing
Contractor who set up storage centres (usually disused airfields)
to receive the various components contracted for by the Ministry.
Thus the units were received, efficiently stored and distributed to
construction sites in house sets. The dwellings of 2 and 3 bed
room types included central heating, fitted bathroom, inside toilet,
kitchen with refrigerator - in fact a much higher specification than
the majority of the new tenants had enjoyed prior to their occupa
tion. The single-storey housing units were erected on odd areas
of land, including many bombed sites, and in time the horticultural
efforts of tenants created attractive little oases in most unlikely
surroundings. The various methods of external construction
adopted included storey height concrete panels, steel frame and
asbestos sheeting, fibroboard on concrete frames, and timber.
Invariably, the houses were lined with plasterboard faced timber
frames insulated with fibreglass wool. A late starter in the
Temporary Housing Programme was the aluminium house produced
by aircraft firms quickly adapting their production capacities from
aircraft to housing. The Temporary Housing Programme begun
in 1945 was virtually completed by the end of 1947.

INTRODUCTION
Brinkmanship in the form of promised imminence of a revo
lution in the mechanisation of design and construction of housing
has been with us for many years, and it seems that revolutions of
one sort or another are always taking place. The very word
“ revolution” itself is the small change of modern publicity and,
as verbal currency, its value has become grossly depreciated,
with the result that many a revolution comes and goes leaving little
trace. The “ revolution” of System Building has certainly come
and it has been with us long enough for each of us to decide, taking
into account our individual experiences, whether or not it has
progressed towards the respectability of a new and exciting alter
native means of construction, or whether it remains in the shadows,
as a mere substitute, to be discarded when more attractive methods
become available.
In the United Kingdom, the Government sponsored National
Building Agency acts as judge, jury and custodian of authorised
building systems and their secrets, giving their stamp of approval
only to those that meet the stringent N .B .A . standards. A recent
N .B .A . publication referring to system built dwellings showed
that the productivity on such sites was 70% above the level expe
rienced with traditional methods of construction, and furthermore,
required only 50% of the site labour considered necessary hitherto.
These statistics prove beyond all doubt that savings both “ direct”
and “ indirect” can be achieved with the probability of further
improvement with continuing experience, but perhaps the greatest
saving of all results from earlier contract completion dates.
However, at the present time, when building costs in Britain are
escalating at the rate of 1% per month, any form of planned building,
call it what you will, that will save on site labour and construction
time must show considerable and progressive advantages over
olden methods conceived and designed for another age.
System Building, which began life with the dubious title of
Prefabrication, progressed through a variety of pseudonyms such
as New-traditional, Non-traditional and Industrialised Building to
its present clear and concise description.
Time prevents me from giving a blow by blow account of the
fight to establish System Building in the United Kingdom but one
point is abundantly clear, the initial opposition to the technique
was such that the pretty propaganda wrapping that usually accom
panies a new venture was quickly torn aside, leaving the bare
package. Nothing was taken at face value and all of the early
systems were exposed to hostile scrutiny to stand or fall on their
individual merits, and thus we establish the high degree of selec
tivity which so influenced the future of System Building. In fact,
the rush to the barricades by the traditionalists had the very
opposite effect to that intended, since every tactical debate staged
by the opponents of System Building provided a platform for those
durable supporters of factory made homes to pursue their worthy
cause. For some odd reason, Authorities demanded higher stan
dards in most aspects of the systems approach than they had
happily accepted for traditional methods hitherto, and indeed
currently, and predictably, this additional “ inconvenience”
produced “ luxury” when “ adequacy” would have been sufficient.

PERMANENT SYSTEM BUILT HOUSES
First Phase
Concurrently with the Temporary Housing Programme, rapid
advances were being achieved with the adoption of production
techniques to permanent dwellings and already the move towards
pre-engineered homes was under way - in fact, some Companies
had some two years’ experience to their credit. Initially, the
house types were confined to one and two storeys, but low and
medium rise apartment blocks were quickly developed. Some of
the earlier systems failed to survive the demands of technological
and environmental change and it is important to note, that with
very few exceptions, it was those systems employing concrete as
its main structural medium that progressed to a regular place in
the history of System Building. However, since the inception,
there has been continuing research and development into design of
joints, horizontal and vertical connections, sound and thermal
insulation and many other important technical aspects of living.
During this first phase, all concerned were perhaps more engrossed
with quantity rather than quality and, in consequence, the early
designs suffered from lack of individuality. It was therefore
inevitable that immediately following the completion of the first
contracts, thoughts turned to improvements in individual and
collective house designs.
The lessons learned from this first excursion into System
Building were many and varied and the fact that it failed to achieve
its full potential resulted not so much from technical reasons but
from shortsighted and conflicting attitudes adopted by many of the
participating authorities. It is sad but true that on occasion the
heavy hand of “ persuasion” was observed, whereby applications
by some Housing Departments for houses succeeded only on the
understanding that a large proportion were built by industrialised
methods - thus before a single dwelling had been constructed,
resistance and prejudice were established. It was extremely
fortunate for the future of housing and for those needing accommo
dation that a few of the more tenacious system builders persisted

TEMPORARY HOUSING
The problems facing housing authorities at the end of the
second world war were formidable. There was the inevitable
backlog of slum clearance and development, the normal annual
increase of housing needs coupled with the requirements of the
returning thousands from the armed forces, and, finally, the
additional problem of replacing homes destroyed by action of war
and this brought into stark reality the task of providing large
♦Managing Director, Stelmo Limited, England.
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understanding to the views of the occupiers and recognize the need
for human dignity along with the more basic requirements of living.
People are not cattle, the man removed from the slum area with a
back-yard, often never used - does he now yearn for his garden?
The high-rise dweller - does he happily accept clearer air and
the minimised noise level, or does he fall victim to altophobia?
Do apartment dwellers with elevator access become isolated from
all other than their immediate neighbours? Do gallery access
apartments provide opportunities for prowlers and vandals, or do
they provide the same common meeting ground that city streets
enjoyed in other days? Whilst much is being done, there are many
questions yet to be asked and answered before we are anywhere
near the point where we can claim a comprehensive knowledge of
the human problems to be faced in housing our people. In a word,
housing, system or traditional, must have a conscience. It has
been said that what is wanted is not more “ Industrialised Systems”
but more “ Industrialised Clients” .

to the point where pre-engineered homes were erected in sufficient
numbers and in different environments to an extent whereby occu
piers from a wide section of the community were able to judge for
themselves the justification of a place for method building in house
construction.
Second Phase
The second major drive by British system builders was
launched in the 1950’s reinforced by the best of continental systems.
The new approach was based on much more realistic principles
offering a wider choice in terms of aesthetics and structure. This
second phase carried system building techniques into medium and
high-rise structures in large numbers and faced fair and square
up to the problems of environment. Clearly, the lessons had been
learned - Housing Authorities were no longer compelled to pur
chase the types of dwellings the sponsors felt they should have and
they became more selective and discerning with their firmer
requirements, with the result that the Housing Authorities, who
were best able to identify their particular needs, clearly specified
their requirements and, within reasonable limits, the systems
complied. Immediately the chances of acceptability and success
were drastically improved and many Authority/Contractor relation
ships previously doomed to the limitations of conflicting interests
moved towards genuine partnerships with mutual objectives. This
change of heart was the major contributor to the real success of
System Building which from that point gathered momentum with
the move towards the development of high-rise structures of up to
20 storeys. The rapidly changing skyline of Europe now provided
ample concrete evidence of a successful venture into mechanisation
of method.

AMERICAN NEEDS
With the rapidly growing need for housing in South America
and the wide acceptance of System Building principles in North
America, the period of brinkmanship is over; the problem is
identified and the solutions proposed are many and varied. The
continent of America embraces every conceivable climatic con
dition, the widest range of geographical considerations, a com
plicated permutation of skills, materials, preferences and statutory
influences, together with many other contributing factors, and it
would be impertinent to offer a single solution to such a complex
problem.
One may follow the European practice by dealing with a given
set of requirements in a particular way, and, without doubt,
through the effort of many participants, this is how System Building
will be dealt with during the formative period. However, is it
not logical to assume, that nobody can possibly identify the needs
of America like an American? and, through association, given
the backing of know-how, knowledge and experience in specific
techniques and processes, and the means, developed in the field
over many years, coupled with American skills and direction, he
will resolve the majority of American problems.
The fact has already emerged that the plant requirements of
American producers differ considerably from their British counter
parts, as indeed they in turn differed from their opposite numbers
in Europe proper, and it is reasonable to presume that once the
early housing programmes become reality, then very specific
requirements will be called for in terms of plant and erection
techniques.
It is interesting to note the numerous approaches to the
housing problem being undertaken in different parts of the U.S.A.
these involve a multitude of systems employing most usual, and
some unusual! structural media, but even within the limitations
of the material widely used, namely, concrete, methods vary
considerably and include simple block construction, frame and
infill panel, large heavy panels, and progress to 3-dimensional
casting such as complete box units, part box units and in situ
concrete porticos. Thus, with the traditional courage and pio
neering spirit, for which American architects, engineers and
constructors are famed, one can confidently expect in time to
view spectacular and adventurous structures in the field of System
Building.
Three advanced techniques are making spectacular headway
and seem to be closely associated with Anglo-American endeavour.
They have but two common denominators, namely, “ Concrete”
and “ Success” , yet in all other aspects they differ considerably.
The first is the Rouse-Wates approach involving site factories
producing large precast panels by horizontal and vertical mech
anised casting methods. This system had previously made an
important contribution to the housing needs of London and other
British cities.
Sectra is the second system, operated by Noonan-Laing, and
involves an in situ casting system employing tunnel form porticos
manufactured to very close dimensional tolerances with high grade
surface finish. This system has enjoyed success, not only in the

Third Phase
The 1960’s brought further sophistication with system built
apartment blocks pushing up towards 30 storeys and with them
commenced the trickle of human and social problems that was
subsequently to become a flood before being resolved by monumental
effort on the part of all concerned. I do not aim to be over-critical,
since System Building has without question eased hundreds of
thousands, indeed millions, of personal problems and even though
those remaining are few, they must not be ignored. Some are
fairly predictable, others we discover as we go along; but these
are not problems associated solely with System Building. They
have been with us ever since the inception of organised house
building. Their discovery and identification was a beneficial by
product of integrated planning synonymous with System Building.
The growing involvement with environment quickly showed up
in the type of contracts let to system sponsors - whereas earlier,
they merely bid to supply houses, their submissions now included
complete layouts and each bid was judged accordingly, so that
whilst price remained a major criterion, other factors could and
did sway contract selection if they fell short of the standard de
manded. It was at this stage that moves towards layouts with
pedestrian segregation were introduced with varying degrees of
success. At the same time came improvements in housing stan
dards themselves which laid down minimum terms of acceptance
covering room sizes, insulation factors, equipment, fixtures and
fittings, and so on, and at the same time price yardsticks were
established. This created a highly controlled situation, which
although intended to protect the occupants sometimes precluded
deserving cases on the grounds of cost. In fact, the plea was
sometimes heard “ I cannot afford an apartment with such high
standards - is there not a cheaper and lesser equipped place for
m e ? ” . Sadly, there was not, for the minimum remained high. I
do not say that this is a bad thing - I merely offer a note of caution
in adopting too rigid an attitude with respect to the requirements
of potential occupants without investigating the desires of the people
in the light of their individual resources and preferences.
The enormous technical advances of industrialised methods
are self-evident but the vitally important successes achieved in
resolving human and social problems are less so. Following the
construction of medium and high-rise apartments involving eleva
tors, gallery access, tower blocks, scissor blocks, internal cor
ridors, there have been ample opportunities to give sympathetic
2

more operatives with the probability of an extended working day
with an increased labour cost/square ft. factor. With this type of
problem in mind, the fact emerges that the role of the equipment
supplier must not be contained to the design and manufacture of
equipment.
The full impact of his experience, both within his specialised
industry and in the general field of concrete production, must be
brought to bear at the time of early planning. He must be involved
in, and advise upon, methods of production, handling, plant layout,
taking into account the availability and cost of skills and crafts at
all levels, the rate and types of concrete components required, the
erection programme, unit handling and concrete feeding methods indeed, everything contributing to the finished structure. Only
then can he claim to be aware of a client’s problems and design
equipment accordingly for that particular job. It should be a
THE SYSTEMS APPROACH
normal expectation of a client to receive with his concrete pro
duction equipment full charging diagrams, information on labour
While System Building was born of a famine in skills, both
allocation, and a host of other technical advice and information.
professional and craft, and influenced by a shortage of traditional
In fact, the equipment supplier does not provide a service to the
materials, perhaps the greatest benefit lies in the essential plan
system housing industry - he is part of that industry, whether he
ning, without which, system building would not have achieved the
likes it or not. Above all, it should be recognised that efficient
international success that it has. It is clear that economic avail
working during the commissioning period should not lead to the
ability of the necessary materials, high rate production and high
assumption that this happy state of affairs will automatically con
density construction, all demand rigid discipline and efficient
tinue on a grace and favour basis - therefore, the formwork sup
planning with uncluttered lines of communication if one is to avoid
plier must play his part in establishing installation, commissioning,
a tangled web of haphazard operations, and if system building has
done nothing else, it has made all involved with it efficient planners, maintenance and remedial services. It is no secret that in some
under-developed countries it is the equipment supplier who carries
but it is fortunate for the home hungry millions of the world that
the flag of System Building, offering a complete turnkey deal,
the achievements recorded range far beyond this particular ad
including architectural and engineering services, complete plant
vantage.
installation and recruitment and training of skilled personnel, and
To summarise this single but supremely important point - “ if
it is from the knowledge and experience gained from such ventures
you haven’t got p l a n n i n g , you haven’t got a system’ ’ . One may
that the advances in System Building techniques are initiated. It
survive one or even two contracts, but continuity of system building
is often said that in an advancing industry one should not dwell in
is completely and utterly tied to a planned existence.
the past, but at least one should learn from it when forging the
I
hope I have made the point that System Building is no different
future.
from every other aspect of the modern day world in that as each
Much is made of the term “ System Building’ ’ but in this
day passes so the complexity of living increases, but underlying
modern age when the benefits of planning are available to all,
the initial reasons for planning a subtle change takes place. Orig
there is perhaps no longer anything really new about the techniques,
inally, planning was vitally essential in order to co-ordinate the
only in the applications. The wide use of dimensionally co-ordinated
many and varied operations and processes that would take place,
factory made components erected by highly trained personnel to
sometimes in a variety of locations all directed towards the com
carefully phased construction sequences is fast approaching the
pleted dwelling, very much on the lines of a critical path network.
rule rather than the exception in many parts of the world. System
Sometimes, changes were necessitated by the reducing availability
Building is no more and no less vulnerable to the charge of monot
of specific materials, techniques or skills but in recent years a
ony and uniformity than structures employing traditional materials.
very special problem has made heavy demands upon the knowledge
Industrialised building responds equally to sympathetic treatment
and ingenuity of system housing equipment designers, namely,
by architects and engineers and there are many, many examples
rapidly growing emphasis on labour costs. There is very much in
all over the world in evidence of this fact, just as there are many
system building, as in any other industry, that is desirable and
“ architectural horrors’ ’ in all types of structural media.
undesirable, essential and non-essential, but when one takes into
In conclusion, System Building does not represent the death
account the inescapable fact that labour costs have doubled over
of architecture any more than it may mean the end of gracious
the past 10 years, it can be readily appreciated that here lies the
living, but it does need the sincerity and sympathy of individual
biggest problem of all. As a direct consequence of spiralling
architectural treatment no less than the simple brick.
labour costs, one could no longer deal in isolation with individual
Can the architect accept the challenge and, what is more to
aspects of system building. The plea that I have so often made at
the point, will he ?
other times in other places to forget first costs and concentrate
on final costs is no longer valid for any given single aspect of
system building - one must now apply this principle to the overall
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The third method is more homespun in that the three-dimen
sional casting system was developed by Mr. S.W. Shelley in
conjunction with my own Company to provide completed precast
concrete boxes fully equipped, and apartment blocks using this
system were first constructed at San Juan in Puerto Rico. The
system is currently under construction within the United States
proper.
In addition to these three major excursions into the American
houfling field, I have been privileged to work in close association
with several other American pioneering organisations and I hope
to illustrate some examples of the results of that collaboration.
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Fig.

1. Prefabricated Temporary Bungalow

Fig.

2. Rationalised Traditional Houses.

Fig.

3. High-Rise Apartment Blocks. London. England.
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Fig.

5. Shelley Box System, Puerto Rico.

Fig.

6. High-Rise Apartments adjacent to Factory in Maassluis, Holland.

Fig. 7. Permanent Factory for Balency System, Thamesmead, England.

Fig. 8. Permanent Factory for Larsen & Nielsen System, Maassluis, Holland.
Fig. 11. Window Panel Tilting Mold for Wates System, England.

Fig. 9. 150' Co-ordinated Tilt Table for Omniform System, New York.

F‘g 12. Universal Box Mold for Shelley System, New York.
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HOUSING DESIGN PROCESS AND EKISTICS - A SYSTEMS APPROACH
by
Jawalker K. Sridhar Rao*

Unless housing planning considerations are made in relation
ship with the ekistic elements other than shelter, they may not
yield satisfactory results. (Lower cost mass housing is not meant
to imply low performance). This is one of the reasons why many
slum clearance urban renewal projects have not had success al
though, physically the buildings are modern and have the essential
facilities for physical human comfort. Ekistics is aimed at demon
strating the existence of an overall science of human settlements
conditioned by man and society and influenced by social sciences,
political sciences, physical and environmental sciences, technical
disciplines and the disciplines related to art and architecture. The
effect of an environment upon the personal and social attitudes of
the user is recognised consciously in the Ekistic approach and
blends the design of housing complexed to that of the neighbourhood
and the city.

INTRODUCTION
The analysis of the overall design process in low cost housing
is very important in trying to utilize efficiently available infor
mation, general concepts to provide several alternatives, for a
given value-system so that the needs are satisfied with the optimal
utilisation of resources. Unless the problem is seen as a whole
with all the complex interactions between the elements, the so
called economical low cost housing solutions may be sub-optimal
in a general sense. The present approaches are extremely piece
meal in approach and scope; and the problem definition and analysis
of needs are not general enough and independent of available alter
nate solutions. The proposed approach helps generation of and
identification of innovative solutions. Ekistics gives a good base
to achieve technical-social-economic-environmental interaction.
A building or a housing complex is planned, constructed, used
and maintained so as to obtain shelter from external environment
with a certain amount of safety so as to provide a suitable internal
environment for physiological and psychological comfort in an
economical manner. A group of houses has an interrelationship in
terms of transportation, services, sociological, economical and
psychological implications. The problems of housing are of an
immensely large scale. Hence, there is a need to consider all
aspects and to reconsider the entire process of building and the
structure of the building industry. C. A. Doxiadis of Greece estab
lished Athens Center for Ekistics to study the overall problem of
man and his shelter. Ekistics is defined as the science of human
settlement which is conditioned by man and influenced by economics,
social, political administrative and engineering sciences and the
disciplines related to art. (1) The Ekistics elements are 1. Nature
2. Man 3. Society 4. Shelter (“ Shells” ) 5. Networks, which are
synthesized with respect to the scale of the community Man, Room,
Dwelling, Dwelling Group, Small Neighbourhood, Neighbourhood,
Small Town, Town, Large City, Metropolis, Megapolis, Urban
Region, Urbanized Continent which is classified on a logarithmic
scale. The scale for consideration in this paper is that of a low
cost housing in a neighbourhood. It would be very useful to describe
in detail the various Ekistic elements to get an idea of interrelation
ships which is essential to understanding housing in the proper
perspective. This would be helpful in identifying the elements in
building systems and to get the ‘problem-definition’ in a clear
manner for meaningful and creative solutions. Table 1 shows the
ekistic elements for Housing and identifies the needs, resources
and decision elements.

SYSTEMS ENGINEERING APPROACH
Affel, Jr. (2) defines a system as a set of operations organized
to satisfy a definable user requirement. The systems concept
involves the attack of a problem not only in terms of its internal
components, but also in relationships with any external conditions
(finance, building legislation, building materials and products,
labour cost and its relation to building construction costs, socio
logical aspects) that may affect or be affected by the solution of the
problem. This is where Ekistics is related to buildings so as to
take into account all the possible interrelationships. Thus, order
is brought to the problem definition, so that it is possible to devise
operations to match the functions that add up to an optimal solution.
Affel, Jr. aptly points out “ A system engineer is a good engineer
only more so” . (2)
The elements of systems engineering analysis can be described
by the following:
a. Identification of overall objectives (Shelter with a desired
level of performance for people living in a neighbourhood,
at an economical and reasonable cost).
b. Definition of problem in terms of its whole rather than in
parts (A building considered for its functional behaviour
and under general external environment. Housing in
relation to landscape, networks of utilities, transportation
etc. total environment).
c. Specifications of major interactions between system com
ponents.
d. Evaluation of available resources (men, materials,
machinery, finance).
e. Generation of alternative solutions. This is the heart of
the creative process in which available information is
synthesised for a predefined value system in terms of

* Assistant Professor, Department of Civil Engineering, Indian
Institute of Technology, Kanpur-16, India.

TABLE 1: CLASSIFICATION OF EKISTIC ELEMENTS

Nature
1. Geological
R esources.
2. Topographical
resources.
3. Soil Resources
4. W ater Resources
S. Plant Life
6. Animal Life
7. Climate

Shelter

Society

Man
1. Biological
Needs (space,
air, temperature e t c .)

1. Population
Com position
and Density

2. Sensation and
Perception

2. Social
Stratifications

3. Emotional Needs (Human 3. Cultural Patterns
relations, security.
beauty e t c .)
Development
4. M oral Values
S. Education
6. Health and W elfare
7. Law and
Administration

Resources

Needs

Network

1. Housing
2. Community Services
(sch ools, hospitals, e tc .)
3. Shopping Centres
and Markets
4. Recreational FaciliUes
(theatre, Museum,
stadium e t c .)
5. Civic and Business Centres
(town hall, law courts e t c . )

2. Pow er Supply
System
3. Transportation
Systems (water, road,
rail e tc .)
4. Communication
Systems (telephone,
radio, TV e t c . )
5. Sewerage and
Drainage

6. Industry
7. Transportation Centres
Decision Elements
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1. W ater Supply
System

6. Physical Layout

configuration, (layout) materials and products, construction
techniques, manufacture of building components, integra
tion of elements used for various independent functions.
f.
Development of a framework and criteria fo r the evaluation
of the probable consequences of alternate plans. (This
involves the study of performance of building components
and buildings as a whole, in terms of spatial planning,
structural, thermal, air circulation, sound, light, dura
bility etc. The role of performance parameters and per
formance specifications in building design is discussed by
Mainstone et al (3) and Markus. (4)
g. Provision for continuous feed back and sensitivity analysis.
h. Optimization with respect to a criterion (minimum initial
cost/total cost or minimum cost-benefit study).
The components of building design and its interaction is illus
trated in Fig. 1. An interdisciplinary approach is needed when
there is an interaction between various components. For the user’s
needs to be satisfied in an economical manner, the need for under
standing interrelationships so as to achieve many alternative
solutions which can then be evaluated from cost-effectiveness
concept, where costing includes initial cost, construction duration,
maintenance cost, obsolescence factor, “ value” of the building in
terms of the people who use them, “ value” of certain features in
the design to the user.
A Housing project may be considered as a system (1) of per
formances with regard to several criteria (2) of physical parts (3)
of procedures and organised processes (4) of spaces (5) of costs
(6) of networks that distribute services (7) subsystem as a part of
a large system - neighbourhood/city etc.
DESIGN PROCESSES
The problem is to design buildings to accomplish optimally
specified tasks (shelter creation of a comfortable internal environ
ment against hostile external environment) subject to certain prob
lem-solving constraints (level of knowledge of the designer, time
available for design, facilities for experimentation, computation
etc.) and solution constraints (limitations of nature; availability of
materials, equipment, labour skills in the building trade; cost).
Wherever houses are manufactured (prefabricated buildings)
the production-consumption cy cle, interaction of its components
become important (5) i.e . R esources—►Production —*►Houses—►Distribution—►Use—►Obsolescence —►Scrap/waste —►Recovery —►
Resources.
The phases of the project on housing (considering a system
with building as a subsystem) or a building project can be written
based on the format proposed by Asimow. (5)

Fig. 1. Housing Project Design: C om ponents and Nature o f Interaction
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Statement of Primitive Needs, available resources.
Phase I:
Feasibility study
Problem Definition and Analysis
U ser’s Needs including consideration of Reliability
and Maintainability
Detailed Activity Analysis for determining functions
System Conceptualization . . . Generation of several
alternatives
First Order Analysis of Physical Realizability,
Economic Viability and Financial Feasibility
In this phase, the concepts of systems, performance, user’s needs,
total environment, ecology, feedback/feedforward are useful. The
skills of operations research, systems analysis, Cost-Benefit
analysis, CPM/PERT, Survey research techniques including
questionnaires, are useful.
Phase II:
Preliminary Design
Selection of several feasible design concepts
Mathematical/Design formulation - Modelling for
simplified analysis. Design Parameters and
Variables
Sensitivity Analysis
Stability Analysis
Consideration of New technology
Projection into future of behaviour of alternate
systems as a function of time (Futures concepts and
Forecasting - Impact of time frame, Prediction of
future - simulation, gaming statistical analysis,
Controlling the future).
Possible Optimization
Testing, Evaluation of several Alternatives, and
Feedback (Development of test methods and testing
of alternatives using concepts of parametric and
non-parametric measurements, hard and soft
measurement, simulation and cost-benefit analysis,
Hierarchy of measures, Measurement of system
performance).
Possible Simplification
Evaluation of Costs Vs. Benefits for the “ Optimal”
solutions . . . finer analysis
Phase III:
Detailed Design - Drawings, Specifications, Com
munication for implementation
Phase IV:
Implementation - Construction/Production Analyze
resources
Develop Implementation Program
Feedback
Develop Continuing Process of Planning

mass housing project in India. (8) The use of systems analysis of
prefabrication industry for mass housing is described in a paper by
the author. (9) The role of analytical tools in the planning of
housing development systems is described elsewhere. (10)

Phase V:

Consumption/Use - Reliability and Maintainability
Marketability
Transportation of housing units (prefabricated
housing)
Phase VI:
Planning for Retirement - Demolition (Technical and
functional obsolescence)
The feasibility study stage using available developed technology
involves a socio-economic financial study. However, where inno
vative technical solutions are required for economical housing, a
good number of design concepts have to be generated (either by
participation planning having professional members experienced in
various aspects of buildings brain-storming session), preliminary
physical analysis, economic and financial analysis. The prelimi
nary design phase is one of the most important as the important
technical decision on planning, construction, use and maintenance
are made. The output of these are given in the detailed design
phase which involves preparation of plans, drawings, detailed
specification, prototype testing and evaluation.
The operations in the preliminary stage for building design
are given in Figure 2. This is a modification of a figure given for
preliminary structural design phase by Khachaturian. (6) Figure
2 shows the objective nature of information (Building Sciences), the
intuitive nature of concepts, the subjective nature of the value
system. The optimization made is in the light of this framework.
The use of adequate skills in analysis and design and the selection
of suitable value systems is important.

SUMMARY
A systems approach to planning, design, construction, main
tenance and use of buildings was discussed. The components of
the building system were identified from the Ekistic viewpoint and
various interrelationships between them were visualised. Ekistics
was defined as the science of human settlements, It was treated in
terms of elements and scale. The elements were Nature, Man,
Society, Shelter and Networks. This encompassed the functional
needs, available resources and the environmental quality which
together governed the quality of life. In this paper, the scale was
taken as a low-cost housing complex for a neighbourhood or a
community. A study of these interactions was necessary to obtain
optimal solutions.
The need for rational planning, standardisation of building
components, industrialisation and rational specifications was next
identified. Problem solving constraints such as the level of knowl
edge of designer, time available for design, facilities for compu
tation e t c ., and solution constraints such as availability of
materials, equipment, labour, skills and cost were next stipulated.
For the solution of the problem itself, subject to these constraints,
operational gaming procedures were suggested. Decisions were
discussed under two heads, namely m acro- and micro-decisions
and it was shown that while micro-decisions can be taken in an
objective manner, the macro-decisions were essentially subjective
in nature and completely overshadowed the micro-decisions. Under
these circumstances the role played by operational gaming pro
cedures gained importance.
The systems approach to mass housing showed that sufficient
attention had not been bestowed on the macro-decision levels. Any
amount of fineness in functional planning or structural optimization
had little impact on the overall solution.

Needs
Resources

VALUE SYSTEM

CONCEPT

(Subjective)

(Intuitive/creative)

1. Architectural
a. function
b. aesthetics
2. Structural
a. safety
b. serviceability
c. ductility
3. Performance for
thermal, venti
lation, weather
ing (moisture),
sound, light
4. Durability
5. Repairability,
Maintenance
6. Reliability
7. Social
Acceptability
8. Economy (CostEffectiveness)

Materials, products Con
figuration - Layout, size,
shape
Construction MethodsPrefabricated housing,
industrialised building
Multifunctional elements,
components
Integration of various
elements
Large scale.

INFORMATION
(Objective)
Behaviour
Analytical
Methods, Design
Conditions for
1. Functional
Spatial
2. Structural
3. Thermal and
ventilation
4. Light
5. Sound
6. Water, Humidity,
Drainage
7. Utilities Sanitary,
Electrical
Communications
8. Networks
9. Landscape and
Environment
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Identification of variables, parameters,
constraints, performance index and
optimality Criteria (min. total cost,
min. initial cost, utility - cost ratio)

Detailed
Design
Phase
b | - 2. Operations in Preliminary Design

The iterative nature of the design process is shown in Figure
3, where the total design process is simplified to show the various
phases of design. Figure 4 summarizes the place of Ekistics,
role of Needs, Resources and the design process for lower cost
housing (whether a field-assembly system or a plant-assembly
system); which is a modified form of the one proposed by Iredale.
(7) The authors have used this approach for a design of low cost
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Selected concepts:

Setting o f design c r ite r ia
F easibility studies
Configuration studies
Choice o f means o f econom y (C ost-E ffectiven ess)

Synthesis stage:

Choice o f com ponents housing units and individual building (wall, r o o fs , e t c .)
Interrelations (circulation)
Choice o f varied design c r ite r ia and functions
(layouts, landscaping, netw orks, u tilitie s -s e rv ice s ,
shape, s iz e , air, therm al, damp proofing e tc.)

Fig. 3 . Sim plified Iterative Design Process fo r Buildings and Housing D evelopm ent Proj
ects

Fig. 4 . Design Process fo r L ow Cost Mass Housing
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TH E PROCUREMENT PROCESS AND SYSTEM BUILDING FOR HOUSING
by
Guy G. Rothenstein

There are several different approaches to Industrialized
System Building, and there are numerous variations to these.
In order to fully understand the subject, we shall first dis
cuss the principal characteristics of conventional building, and
those of Industrialized Systems Building.
Essentially, conventional building usually starts one of two
ways: Either with the need for a building be it a home, a place
of business, a hospital e tc ., —or, that somebody owns land and
decides to place a building on it to enhance its value and derive
financial gains, either by renting the building, selling building
and land or sometimes the building only, retaining the land.
In the first case the future building owner has to find the land,
either buying it or leasing it. The usual next step in either of the
two ways is to retain an Architect-Engineer to develop building
plans. When the plans are complete and approved by owner and
regulatory agencies, contractors are invited to submit bids, or a
contract is negotiated with a General Contractor to erect the build
ing. The General Contractor in turn negotiates contracts with
Sub-Contractors for all or major portions of the work. The dif
ferent Contractors develop detailed drawings referred to as Shop
Drawings for their portion of the work and these are submitted to
the Architect-Engineer for approval. The Architect-Engineer,
as representative of the owner is supervising the work, while the
General Contractor coordinates the work of the Sub-Contractors.
When the building is completed, it is turned over to the owner.
If the owner is a Builder, there is no need for bidding by a Gen
eral Contractor; otherwise the process is essentially the same.
This conventional process of building is quite similar to the
traditional process of procuring custom made products such as a
man’s suit, except that the suit designer and maker are the same
entity, while in today’s building the architect, as designer and
the contractor as maker, are usually different entities.
In the past however, the Master Builder just as the Tailor
was both, Designer and Maker.
This procurement process for custom made products, be it
clothing or buildings evolved in the pre-industrial age and re
sponded at that time quite well to the needs of a society which was
much smaller in number than today’s population. This procure
ment process may be referred to as “ linear” or “ closed-end”
inasmuch as it ends with the delivery of the product to the con
sumer.
While custom made suits or other custom made products are
still available today by the same procurement process, they are
definitively considered as luxuries, because this process is not
capable to fill the needs of today’s vastly increased society which
requires enormous quantities of products at low cost.
Therefore with the advent of the industrial age a completely
new procurement process was evolved for practically all consumer
goods. The need for these is now well established and taken for
granted by producers. This moves the initiative to start the pro
duction process from the consumer to the producer who responds
to tile market’s demand by offering practically everything the con
sumer wants by mass producing it. The industrial age procure
ment process may be described as a cycle with no end or “ open”
because it is continuous, offer is on one side of the cycle, demand
on the other. Part of the cycle is also the continuous feedback on
consumer preferences from the consumer to the producer.

lA-ATEPJAlS - PARTS - C0/-1P0NENTS 1
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Fig. 1. T h e Pre-Industrial A ge Procurement Process = Linear (G o s e d End)

Fig. 2. The

Industrial Age

Procurement Process = A

C ontinuous Cycle (Open

Ended)

political factors), and only in the second place, the hardware
(materials and techniques). Unfortunately at some point during
the short history of System Building the terms “ open” and “ closed”
were introduced and have ever since created confusion and with it
fears by many of being eliminated from careers or businesses;
the passionate debates about the respective merits and faults of
so-called open and closed systems were generally the result of
misunderstanding the subject. *
Let us examine “ open” and “ closed” within the general
frame work of the procurement processes as discussed before:
Specifically in the pre-industrial age procurement process, the
terms “ open” and “ closed” may apply as follows (See Figure 2):
O pen:

1)

the selection of the producer by the consumer, be it a
tailor or a Master Builder.
2) the selection of the materials for the product by the
consumer, be it a suit of clothes or a building.
Closed:
1) The closed end of the linear process which is complete
once the product has been delivered to the consumer.

“ OPEN AND CLO SED ” SYSTEMS

In an industrial society the consumer makes the decision what
to buy, therefore, it is futile to set up systems which principally
accommodate supplier groups (designers, suppliers of parts and
components and producers). We should face the fact that nothing
less than the procurement process itself is the system and the
supplier group has to operate within this system. In the first
place this total system includes the software (socio-economic and

*e. g. In the preceding, the industrial age procurement process
was described as a cycle - “ open” in comparison with the pre
industrial age “ closed-end” linear process - yet graphically a
cycle is “ closed” . This is an indication how easy it is to be
confused by the unfortunate use of these terms.
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In the industrial age procurement process the terms “ open”
and “ closed” may apply as follows (See Figure 4):
Open:
1) the selection of products of different makes by the con
sumer.
2) the selection of materials to be used in the product by
the producer. This selection is determined to a large
extent by feedback from the consumer.
3) The cycle of offer and demand involving Producer Product - Consumer, being continuous without end, or
“ open” .
Closed:2
1) the management system of the Producer, who has full
control over design, production, and marketing.
Looking at both the pre-industrial and the industrial age pro
curement processes from the consumer’s point of view it matters
very little if the process is “ open” or “ closed” . The consumer
is not concerned about the mechanics of the processes, but with
the results achieved, and principally the economic values of the
products procured.
Whenever the consumer is frustrated by not being able to
obtain the products he wants at the price he can afford, there is
obviously something wrong with the production process. The basic
truth is that only in an industrial society mass production can re
spond to the needs of the consumer and it is utopic to believe that
it is possible to make the pre-industrial procurement process
work on a mass basis. This point becomes quite obvious when
imagining resurrecting the pre-industrial procurement process
for an item like men’s suits.
The U.S. adult male buys over 100 million suits a year pro
duced by a workforce of less than 300, 000 men. If this demand
had to be filled by hand production, approximately 2,400, 000
skilled tailors would be required. Imagine the problems involved
in training over 2 million men to become tailors. This would
create serious manpower shortages in the production of other con
sumer goods, especially if we consider that today one out of six
American jobs is related to automobile production.
While the needs for all consumer goods of today’s American
society are provided successfully, plentifully and economically by
industrial means, shelter is the one item in which the pre-industrial
age procurement still prevails, and as a result, despite man power
training programs for craftsmen, housing is in short supply and its
cost is out of reach for a vast number of potential consumers.

(Example: engines, generators) and Sub-systems (Example:
steering sub-system) even though certain parts and components of
these may be interchangeable.
In building the situation is basically the same, but not as well
defined as in the more mature automobile system since building
systems are still in a very early stage of development. These are
the major types of building systems developments:
1) Partial hardware systems such as SCSD, (School Con
struction Systems Development) which consist of several
sub-systems produced by pre-selected manufacturers
for specific building programs.
2) Sub-systems mostly concerned with structural hardware
offered by subcontractor - fabricators to builders.
3) Systems intended to be “ total” emerging out of HUD’s
Operation Breakthrough concerned with both systems
hardware and software, but struggling with the enormous
complexities of total systems.
Another theory of systems building is favored by some manu
facturers of building products and architects deeply rooted in the
conventional building process. These advocate “ catalogue build
ing” to which they also refer as an “ open system” . The under
lying principle is to produce a complete range of fully interchange
able parts, components, assemblies and sub-systems which are
catalogued and stocked ready to be specified and assembled to form
complete buildings. This theory is in effect an attempt to apply
20th century hardware system technology to the pre-industrial
procurement process. The difficulties in translating this theory
into practice are the interface co-ordination of thousands of parts,
components, assemblies and sub-systems with tremendous and
costly problems of tooling shipping and inventory. Furthermore,
the interfacing of these involves not only physical properties such

DIFFERENT APPROACHES TO SYSTEM BUILDING
Looking for a moment only at the systems hardware and ig
noring the most important software part, the difference between
the so called “ open” and “ closed” systems has often been related
to the interchangeability of elements, between different hardware
systems. This means that in an open (hardware) system elements
are interchangeable between systems A, B, C, e t c ., while in a
closed (hardware) system, elements particular to system “ A ” are
not interchangeable with elements of systems B, C, D, etc.
In order to evaluate the validity of this differentiation between
(hardware) systems we have to verify it on the different levels of
the hierarchy of elements of a hardware system: Parts, Com
ponents, Assemblies, Sub-systems.
If we take the automobile as a classic example of a total sys
tem and analyse its hardware part, we find interchangeability
between systems or makes generally for parts (Example: Fasteners)
and components (Example: headlights), but none for assemblies

Erroneously, sometimes the term “ closed” has been applied to
the selection of materials, implying that in this process all ma
terials come from a single source of manufacture. This is ob
viously not so. Total Systems such as the Automobile use
hundreds of different sources of supply for their materials,
parts and components. It is absolutely unlikely that there will
ever be completely autonomous building systems «m<ng only ma
terials, parts and components of their own manufacture.

Fig. 4. Thwnwntad, a total community for 60,000 people produced with the balency
lyvtrau of industrialized buttdin*
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F ig. 5. Car, custom b u ilt from parts o f 22 new and old U .S. and foreign m odels. Cost:
$14,000. ForChevAmChrysVagen
By trying hard enough, it can be done - but at what price?

as dimensions and length of life, but often also chemical, acoustical
and visual compatibility. Should it be possible to solve these ma
jo r problems, the result would be m erely a hardware system
actually incompatible with the all important software system part
o f the industrial age which requires single industrial management
o f both the systems hardware and software function. This theory
is a good example how self serving interest groups try to ignore
the consumer and software requirements completely. It is also
likely that most architects would become rather frustrated to work
within the narrow frame of the “ catalogue” and chances are that
creative architects will consider the catalogue as obsolete before
its printing ink has dried.
In further discussing the workings of industrialized systems
building, a clear distinction should be made between different types
of buildings. We find that many types of buildings are “ one of a
kind” or that they are only in small demand or that the demand is
fragmentary or geographically scattered.
Actually, at present only “ shelter” falls into the continuous
demand category which is the prerequisite for total industrial
system s. Inasmuch as shelter is most suitable for the application
o f total systems and we are primarily concerned with total sy s
tem s, the procurement process for shelter will be treated in detail.
Before going into this subject let us discuss briefly possibilities
fo r industrialized building systems for non-shelter type buildings.
INDUSTRIALIZED BUILDING FOR NON-SHELTER TYPE BUILDING
Buildings of certain use containing sufficient number of func
tionally sim ilar spaces lend themselves to partial system building
by factory producing the repetitive elements, to list a few: hotel
room s, hospital nursing care rooms, school classroom s, office
spaces.
Under this partial systems concept industrialized produced
spaces (modules or panelized units) can form parts of buildings
or be “ plugged” into parts of buildings.
Another approach which has already produced good results in
systems hardware has been mentioned earlier: Sub-systems,
generally for specific school building programs, produced by pre
selected manufacturers. This approach, while lacking the systems
software package, particularly single management, works within
the established frame work of bidding procedures still required in
certain areas o f public work.
Unfortunately, practically all progress towards industrializa
tion in the non-shelter area is limited to the systems hardware,
but many improvements over strictly conventional building are
possible by developing interfaced assemblies and sub-system s and
rationalizing building p rocesses.
THE PROCUREMENT PROCESS FOR SHELTER - A TOTAL
SYSTEM
Once again we will stress the point that the most important
ingredient of an industrial system is the consumer. The problem
therefore, is how can systems building be put to work to serve
the consumer of shelter best. **
3

For the purpose of this discussion, we shall take the consum er’s
demand at “ face value” without entering into the argument often
advanced that the consumer of products of our industrial society
has been brainwashed to desire these products - We shall assume
that giving the consumer what he wants by his own wish or as a
result of conditioning, will make him happy.
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Certainly we do not want to perpetuate the pre-industrial age
procurement process just to serve the interests of those few sup
pliers who may benefit by it. Also we do not want to experiment
with hybrid or partial system s— the safest way is therefore to
follow the path of other industries and use the proven industrial
age procurement process which serves the consumer successfully
with a wide range of goods. We also realize that it is important
for those at present working in the shelter industries to know how
the system will affect their own positions and ca reers—this point
w ill be discussed later (in another chapter).
We believe that basically the typical industrial age procure
ment process or system is applicable with certain adjustments
which takes particular criteria of supplying shelter into consider
ation:
These Are:
1) The requirement for land.
2) The relatively long life of the product.
3) The relatively high cost of the product.
4) The use differentiation between: complete owner,
“ partial owner” , “ renter” , captive occupant.
Looking at the system from the consum er’s point of view, the
location of shelter is as important as shelter itself. Specific con
sumer groups w ill have particular requirements fo r location which
the producer has to take into account in responding to demand—
this of course complicates the system, but it is in effect just one
item of the product design and development p rocesses.
The relatively long life o f shelter is an advantage for the con
sumer, and a disadvantage for the producer. With no repeat sales,
the producer has to look constantly for new custom ers. This dis
advantage is partially offset by the fact that while shelter remains
in place, its occupant does not. Every year 20% of the American
population changes dwellings.
The relatively high cost of the product means that the con
sumer buying shelter (as against renting it) generally does not
make spontaneous decisions on buying. Therefore, selling re 
quires a completely different psychology than that used for selling
other consumer goods. In housing for sale it is appropriate that
the system includes mechanics for financing, so that the relatively
high cost of the product is no handicap for the consumer. This
means that a total housing system should include a financing divi
sion, patterned after the working of'the G .M . Acceptance C or
poration.
The consumer’s attitude towards the selection o f shelter varies
greatly whether he buys it, rents it, or is a captive occupant. Of
these, generally the buyer is the most difficult to satisfy, both in
respect to the quality o f the dwellings as well as to its location.
Next is the renter, and the least difficult but not necessarily sat
isfied dweller is the captive occupant.
To respond properly to the consumer’s attitudes and demands
is most vital to the producer and feedback from the consumer is
the most important part of the housing system, inasmuch as it
replaces the function of preselection o f suppliers and supplies of
the pre-industrial age procurement p rocess.
In order to respond to the above particular criteria for shelter
considerable flexibility of the system is necessary. While the
necessity for flexibility is essentially in the software part of the
system , it is desirable that certain hardware items may also be
used flexibly.
An example for such flexibility is the change of finishes of
systems built housing in Milan which upgrades low income rental
housing to middle income cooperatives by offering choices of dif
ferent floor and wall finishes, appliances and equipment to the
apartment buyers.
Taking all the above factors into consideration, the working
of a total housing system may be described as follow s:
The producer is the “ developer/manufacturer. ” The cycle
of continuous offer and demand linking producer and consumer is
the same as fo r other mass produced consumer item s. The nor
mal hardware part of the system : general development, research
and development, design, engineering, production, and shipping
is unchanged except, in this instance development means land
development. Parts, components, assem blies and sub-systems
which make up the product are linked to the market o f material
supplies in the same manner as in other consumer item system s.

On the surface, the above described organization does not
appear to be much different from that of minor conventional
builder /developers, except that they produce their product by
more or less conventional techniques requiring practically no
capital investment in production, plants and tooling. The capital
aspect however, makes a tremendous difference in the general
business philosophy. In a total industrial housing system land is
considered as just another supply item needed for the product.
Consequently, there is no special mark-up on land. Profits are
made by the continuous volume sale of the factory produced prod
uct. On the other hand, the approach taken by real estate devel
opers and conventional builders is generally to make profits in the
first place with land and in the second place with the housing placed
on the land.
We have now looked at conventional building and its similarity
to the pre-industrial procurement process. We have also looked
at the industrial age procurement process, how it works for the
consumer in practically all areas except building, we have sur
veyed the principal categories of building systems and have con
cluded that of the different use categories of buildings, the indus
trial age procurement process or “ total” system may very well
be applied to “ shelter” , and we have described how such a total
housing system works.
Housing is a basic necessity in any society. In our industrial
society with ample supply of practically all goods, the consumer
is equally entitled to ample supply of housing, and the consumer,
always being right, will get it with or without the help of the build
ing industry.

Fig. 6 . T h e Industrial A ge Procurement Process A pplied to “ Shelter” = A T o ta l Housing
System .

Also the software part of social, economic and political factors
as well as feed-back to the producer is similar to that of other
industrial systems. In a housing system, the single management
for both hardware and software parts conducts consumer group
oriented market research and consumer financing is concerned
with obtaining long range loans for the buyers of dwellings.

16

CONSTRUCTION OF LOW COST HOUSING ON VERY STEEP SLOPES
by
Leandro Quintana, B.A.,* Felipe Farias, M.S., P.E.,** * and Fernando H. Tinoco, Ph.D., P .E .***

INTRODUCTION
The housing shortage in Venezuela is partly due to the under
development of the country and partly due to the lack of an appro
priate national policy.
The main factors affecting the housing shortage are:
1. There exists an incompatibility between housing costs and
per capita income.
2. The housing construction industry is poorly organized.
3. The absence of appropriate legislation.
4. There are not enough stimuli for private initiative.
5. The lack of due consideration to the problem in the
preparation of the National Budget.
The incompatibility between housing costs and per capita
income plays an important role in the selection, among many
alternatives, of a solution to the housing shortages. The mag
nitude of the problem in Venezuela is clearly shown in Table 1.
TABLE 1: COMPARISON OF FAMILY INCOME RANGE TO
HOUSING SHORTAGE
Family income
$ per month

Total number of families
%

A SOLUTION

Housing shortage
%

more than $ 680. 00

10.2

1.0

$ 343.00 - $ 680.00

19.1

6.1

$ 227. 00 - $ 342.00

17.1

11.3

$ 114.00 - $ 226.00

30.5

36.9

$ 68.00 - $ 113.00

12.4

22.2

less than

10.7

22.5

$ 67.00

Fig. 1. The Problem o f the “ Rancho” in Caracas

The national housing problem will definitely be solved with
the development of the economical, educational, social and human
resources of the country. However, the families living in the
rancho are in urgent need of a solution suitable for immediate
application. The proposed solution should consider the full utili
zation of the human and financial resources available to these
families. The final result should provide an environment that will
stimulate a desire for a higher educational and economic level.
With these limitations in mind, several solutions were studied,
and from these the Banco Obrero selected the construction of hous
ing units on the steep slopes — about 1/2 : 1 — on an experimental
basis. It was considered feasible to construct housing units on
the hills adjacent to the city with slopes not greater than 1/2 (hor
izontal) to 1 (vertical), minimizing the amount of earth removal
and with the use of construction methods of easy execution that
could take advantage of the unskilled labor available in the area.

Table 1 shows that 23% of the families have an income of less
than $100.00 per month and the housing shortage covers 45% of
this group. Thus, the families with the lowest income have the
greatest need for appropriate housing.
These families live today in unsanitary “ ranchos” which have
created social and political problems due to poor living conditions,
promiscuity and lack of family stability.
The solution must have as its objective the substitution of the
“ ranchos” by housing units that fulfill the minimum requirements
for healthy habitats, at a cost not higher than the “ rancho” and
that construction and financing of these units be made with the full
cooperation of the participating families.
The problem of the housing shortage is very acute in Caracas,
the city with the highest population - about one-third of the total and a very high growth rate. The valley of Caracas has a very
small and narrow floor area and therefore the flat land is at a
premium. Families with the lowest incomes are forced to live on
the steep hills that surround the Caracas valley. Fig. 1. shows
an example of the “ ranchos” on the hills adjacent to the city.
The “ rancho” constitutes a social and sanitary hazard and
a danger to the lives of its inhabitants because it collapses when
ever strong rains produce frequent sliding of the saturated residual
soils of the hills.
The Banco Obrero, a government agency, was instructed to
search for solutions suitable for immediate application to the
problem of the “ rancho” in Caracas.

CONSTRUCTION METHOD
The steep slopes of the hills are cut in series of successive
vertical berms — 2 mt. high and 3.40 mt. wide — as shown by
Figure 2. The construction of the berms should avoid excessive
removal of soil and, if possible, the stripping of the topsoil.
Removing large quantities of soil will increase the cost of con
struction considerably.

♦Jefe del Departamento de Urbanizacion y Equipamiento de
Barrios del Banco Obrero, Caracas, Venezuela.
**Jefe de la Division de Ingenierfa del Banco Obrero, Caracas,
Venezuela.
***Profesor de Postgrado, Departmento de Mecanica, Universidad
Simon Bolivar, Caracas, Venezuela.

Fig. 2 . Construction o f the Berms
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The system of construction of the housing units consisted of
the use of bearing walls with concrete slabs (2.5" thick) with wire
reinforcement supported by steel beams. This method of con
struction is well known by the unskilled labor in the area, as the
people who live in the “ rancho” have used it to strengthen and
enlarge their “ ranchos” .
Each housing unit is constructed independently of its neighbour
ing units in order to permit further construction and enlargement
of the unit in the future. This structural independence of the unit
also allows the flexibility required to adapt it to the variable topog
raphy encountered in its construction.
There has been some experimentation with the mass production
of this type of unit. A sliding metal framework is used which allows
the construction of a unit per day per set of metal framework.
Fig. 3 shows the construction of several of the housing units
in the area called “ Brisas del Paraiso” .

the Banco Obrero. Other facilities such as schools, nurseries,
communications and sport areas are also designed and constructed
under the supervision of Banco Obrero personnel.

Fig. 4 . Completed Group o f Housing Units

GEOLOGICAL CONSIDERATIONS
These experimental housing units are constructed on hills at
the southwest corner of the valley. These hills belong geologically
to the formation “ Las Brisas” . The bedrock consists of a micaschist with quartz layers parallel to the foliation. The mica-schist
is covered by a layer of residual soil of variable thickness (up to
1. 50 mt. thick) which is saturated in some areas.
The saturated residual soil and the topsoil may constitute a
foundation stability problem. However, the combination of factors
such as economy, simplicity of construction and the low loads
transmitted to the soil by the bearing walls, allow the construction
of the foundation on the topsoil in most cases. In some instances,
the topsoil is removed under the responsibility of the supervisor
on the job.
The installation of sewage disposal facilities and the collection
of rain water will materially improve the stability of these slopes
and minimize the rock-weathering problem.

Fig. 3 . Construction o f the Housing Unit

THE HOUSING UNIT
The unit occupies a lot with an area of 48 square meters. It
is built in stages to minimize the cost to the family and to the
government and to allow further improvement of the unit by the
owner.
The Banco Obrero provides the engineering know-how in the
construction of the berms plus the construction of a sanitary unit
that consists of bathroom and laundry room. This first stage al
lows the owner to have a starting point for further construction of
the unit on his own. The result of the second stage is a unit with
38 square meters and capacity for a family of 6 to 9 persons. It
provides separate sleeping facilities for parents and children.
The children are separated by sex, with the use of bunkbeds.
This unit has the foundations required to support a second
floor which adds up to a total area of 76 square meters. The con
struction of the second floor constitutes the third stage, and the
owner decides whether or not he needs it.
Fig. 4 shows a photograph of a finished group of the units.
Drinkable water, electricity and sewage disposal facilities
are constructed under the supervision of engineers employed by

CONCLUSIONS
Although the project is on an experimental basis, the following
conclusions may be drawn:
1. Construction of the housing units on slopes 1/2 : 1 is
feasible.
2. There have not been any stability problems in spite of
rains of long duration.
3. The people of the “ rancho” have accepted the proposed
solution with enthusiasm.
4. The cost to the family is $12.00 per month.
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GOAL 26: A GAME FOR HOUSING EDUCATION
by
G. Day Ding* and Jack R. Warner**

INTRODUCTION

A Monopoly-like version developed as a result of this round
of student development. This is discussed in detail later in the
paper.
A few rounds of play on the manual version of GOAL 26 quickly
revealed the shortcomings of the game. The players quickly dis
covered how to beat the system, since there was a finite number
of chance action play cards and finite number of playing strategies.
However, the players were committed to the game and being stu
dents required to develop the game further, they soon tried to
complicate the process to give realism to the game and defeat
their fellow students. This interest served two purposes. First,
in order to complicate the constraints and incentives affecting the
homebuilding industry, the students had to find out how to get the
proper statistical information. This in itself was no small task
as anyone reading the Kaiser and Douglas Reports will attest.
So, one of the pedagogical objectives of the game was achieved;
that of making the students aware of the real factors affecting
building and where to obtain real data on these factors.
Computer usage in architecture is encouraged at VPI and this
served as the basis for the more sophisticated computerized ver
sion of GOAL 26. Once the proper statistics were obtained these
were incorporated into the game within a random chance range of
occurrence, so that the players cannot outguess the computerized
chance cards.

It is prevalent for the study of housing to be organized into
subject matter courses dealing separately with specific aspects of
housing hardware (eg. building techniques) or housing software
(eg. various public and private housing programs). As a conse
quence of this separation, the vital role of the homebuilding in
dustry is either ignored or given only superficial consideration.
It is suggested, however, that this neglect is not always accidental,
since competence and confidence in presenting a well integrated
course focusing on the total housing delivery system is not nor
mally found among teaching faculties.
It is now accepted that the “ real-world” of producing and
delivering housing is still handicapped by many professionals
(architects, engineers, planners alike) who, because of their
educational background, still cannot distinguish suboptimization
from a global viewpoint. That this has hindered severely the
development of viable delivery systems for housing in this country
is painfully apparent today.
Thus, a greater systems-orientation must be a pre-condition
for better performance towards achieving the goal of a decent
home for every American, and that there is no better beginning
than when concerned graduates from related fields (architecture,
engineering, psychology, economics, etc.) come together for
interdisciplinary investigations of the built environment. Such is
the case of the graduate program in Environmental Systems Studies
offered at Virginia Polytechnic Institute and State University since
1968. (1)
This paper presents the developmental background of a com
puter-assisted game (2) constructed as a vehicle for a better
understanding of the housing delivery system. It is used as a
stimulant in the introductory graduate course on Building Systems
Technology. However, the catalytic potential should be stressed
since the game is intended primarily as a means of pin-pointing
the interactive aspects of the various subsystems of the housing
industry.

DEVELOPMENT OF THE GAME

Prior to Operation Breakthrough, HUD's effort to promote
industrialized building on a mass scale, the debate raged over
conventional vs. industrialized building and the ability of each
segment to provide housing for America. It now appears that
both these sectors, as well as the mobile homes manufacturers
and others, are needed if we are to achieve the goal of 26 million
houses during the decade.
At VPI, we took the often asked question of under what con
ditions could an industrialized housing industry develop, to create
a multi-term student project: that of developing a game to simu
late the various production sectors of the homebuilding industry.

It is the intent of this paper to cover the development of GOAL
26 so that others might more efficiently develop similar games on
their own, profiting from our experience. We will not go into the
computer soft work in this paper. Those interested in that aspect
can contact the authors for detailed information.
The original version of GOAL 26 is summarized here. The
four principal developers of housing were selected as roles for
the players. These are:
1. General Contractor (27%) - builds on land owned by others,
usually according to the owner’s plans.
2. Merchant Builder (41%) - builds housing, usually of their
own design, on their own land, for sale or rental to
others.
3. Housing Manufacturer (11%) - uses assembly line tech
niques to produce sectionalized units or packages of
materials for rapid assembly on site.
4. Mobile Home Manufacturer (12%) - produces movable,
completely finished and furnished units in the factory.
5. Owner Built Homes (9%) - not included as a player.
The numbers in parentheses represent the percentage of housing
that the player currently produces.

GOAL 26: BACKGROUND

The Game Board

THE NEED FOR HOUSING IN THE UNITED STATES

The game board, shown in Figure 1, was developed primarily
as a time keeping mechanism. Time keeping was accomplished
by dividing the perimeter of the board into 28 sections, 12 of which
represent the months of the year. The four corners were desig
nated “ build squares” , where the players would realize the results
of their assignments of money, manpower, and material.
The two rows are for “ construction” and “ planning” . The
three columns labeled “ land” , “ labor” , and “ material” , are
used to hold the commitment of each of these resources made by
a player. Each of the players has a specified ratio of each of the
three resources which must be committed to build a given number
of housing units. These ratios are as shown in Figure 2.

To initiate GOAL 26 as a student problem, we asked that teams
of students develop a manual board game that would aUow players
to see, through play of the game, how the production sectors of the
homebuilding industry functioned and reacted to various constraints
and incentives.
•Professor of Architecture and Chairman of Environmental
Systems, Virginia Polytechnic Institute and State University.
•♦President, Warner Consultants and Adjunct Professor of
Environmental Systems, Virginia Polytechnic Institute and
State University.
19

O J W ONISaOH

A recent labor settlement resulted in higher labor prices:
for this round the following labor ratios apply.

< 3>

1.
2.
3.
4.

General Contractor
Merchant Builder
Housing Manufacturer
Mobile Home Manufacturer

*4
5
2
2

*(or trade 1 material unit to Merchant Builder for 2 free labor u n its your option)
Fig. 3. Chance Card

units of land, labor, or m aterials.) The game is started by read
ing the econom ic forecast for the coming year to all of the players.
The time piece is then moved to the January “ month b lo ck ” by a
re fe re e . At this time each player is allowed to make a com m it
ment of as many units as he desires of either land, labor, or
m aterial to the planning stage. He is , however, restricted to
the commitment of only one additional unit of resource during each
month. After each player has made his commitment, the time
piece is moved to the “ chance b lock ” separating January and
February. A card is selected from the cards representing that
particular chance block and read to the players. Each player
then pays or collects the appropriate amount of capital o r units of
men, material, or land as directed by the card. This process is
repeated until the fir st “ build b lock ” is reached. At this time the
player has the option to move as much of his resou rces from the
“ planning” phase to the “ construction” phase. The amounts
moved to “ construction” must be in m ultiples of resou rces to
build units as illustrated in Figure 2.
The same process is repeated until the end of six months of
play when the second build block is reached. At this tim e, the
construction is ended, the housing units are sold, and the r e 
sou rces plus a profit are returned to each of the players. After
this, the resou rces committed to “ planning” are moved up to
“ construction” , as described b efore. This same cycle is repeated
until the year has been com pleted.
After a year has been played, the econom ic foreca st is again
read and the cycle is repeated until 10 years or 10 cycles of play
have been com pleted. At this time, the game is over and a
winner--the player who has the m ost money—is declared.

Fig. 1. The Manual Game Board

RATIOS REQUIRED TO
PRODUCE 1 HOUSING UNIT
PLAYERS

MEN

MONEY

MATERIALS

1.

General Contractor

3

3

2

2.

Merchant Builder

3

2

2

3.

Housing Manufacturer

1

3

2

4.

Mobile Home Manufacturer

2

2

2

These were chosen based on advantages apparently enjoyed by each of these
sectors
Fig. 2. Commitment Ratios

Chance Cards
These cards represent the factors which can affect the housing
industry during a year. As the players pass over a chance block
between two months, a card is chosen at random from a pile of
cards keyed to that block. An example of such a card is shown in
Figure 3.
Separating each of the month blocks are chance blocks rep
resenting som e of the possible variables which affect the housing
industry throughout the y ea r. These are:
1. Weather
2. Governmental Financial P olicy
3. Taxes
4. Government Adm inistrative P olicy
5. Labor
6. Technology
7. M aterials
8. Suppliers
There is , in addition, an econom ic foreca st block between the
start of the game and the January block.

DEVELOPMENT AND ADAPTATION OF GOAL 26
Realizing the potential and limitations of the game as it
existed after the initial stage of development, the question then
becam e, how can the game be restructured to better achieve its
objectives. The second stage of development was to examine the
shortcomings of the game and provide a realistic solution that
better represented the com plexities of the real world m odel and
the objectives of the game.
The most obvious problem was the correlation of the annual
foreca st to the chance events of the simulated year. A perfect
correlation never exists, but in the original game the relationship
was intuitive and haphazard and in this sense self-defeating as a
teaching mechanism. F irst, the idea of operating on one annual
foreca st would frighten m ost business men, so the decision was
made to use a quarterly report. The information content of the
original report was little m ore than an indication of the econom y
moving up or down, hardly an indication of what could be happening
in many of the supporting areas of the residential housing business.
After exhaustive research and discussion, the following variables
were selected to be in the quarterly forecast:
1. Prim e Interest Rate
2. Money Supply
3. Unemployment Rate
4. Building Industry
5. Building Cost Index
6. Skilled Labor Wage Index
7. Common Labor Wage Index
8. Material P rice Index
9. Land P rice Index
10. Political F orecast

The Commitment Grids
Four grids are located around the outside of the board, one
on each side, for one of the four players. As can be seen, this
card contained a grid showing the penalties or dividends which
were paid to or collected from each player, according to the event
described on the card.
Play of the Game
Each pteyer is originally given a predetermined number of
land, labor, and material chips and also a specified amount of
money or capital. (He can use the money to buy any additional
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With the exception of the land price index most figures can be
obtained from such sources as U.S. Departments of Labor and
Commerce, Engineering News Record, and other government
statistics. The initial feeling of the students was that such a
quantity of information would be unfamiliar and unusable by most
players.
The problems then existed how to use this data in developing
a forecast. The information was readily available as a yearly
series so a linear regression procedure was adopted to come up
with a quarterly forecast. During the quarter any changes are
recorded and actual end of the quarter values are computed in the
simulator and used in the next quarter’s forecast. The idea was
to weight this game-developed figure slightly heavier by not using
all the available historical data. The reason here was to make
the game more volatile and expose players to a greater variety of
experiences in a shorter period of time.
The second problem area of the original game revolved around
the money transactions. These transactions were so time con
suming that the continuity Of the game was lost. Obviously, money
transactions are essential to the game, but it was agreed that a
computer could handle the transactions much more effectively
(perhaps a push into the cashless society?).
The third problem was the timing of the chance events. Be
cause of the limitations of a board game each event category was
scheduled at the end of a specified month. It is unrealistic to
assume this world of chance could be modeled in such a rigorous
scheduled manner. First, the schedule was removed for the
events making it possible for any events to occur during any
quarter in virtually any combinations. With this scheduling re
striction removed, the old limit of possible events was removed,
making the chance occurrence of those events more realistic.
The following categories of events were agreed upon:
1. Government Administrative Policy
2. Government Financial Policy
3. Private Financial Policy
4. Taxes
5. Market Demand
6. Land Law and Pricing
7. Labor
8. Material Market
9. Technical Developments
10. Weather
Within each event the probability of occurrence could be varied
and the actual event could be better related to the forecast.
The fourth problem was the development of realistic resource
combinations. The premiums and penalties had been developed
intuitively and more for easy manipulation rather than appropriately
related to the classification of the type of players. The concept
of computer adaptation of the game removed some of that problem.
Realizing that the perfectly predictable or logical premium penalty
values are not available still left some intuitive flavor to the values,
but the ability to apply penalties and premiums to more of the
committed resources helps to make the chance event structure of
the game more realistic.
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The fifth problem was the need for both more control and
more variability. Essentially a fifth player or referee was needed
to make certain decisions and control the game. With the sophis
tication of the computer game much of this control function is
placed within the computer.
A sixth problem was determining a realistic quantity of each
resource to be allocated to each player. The original game was
played with virtually unlimited resources, which is not a good
model of the housing industry. With the computer this can be
controlled, with additional labor being attracted from outside the
building industry during high demand periods and labor being
drawn away during low demand periods. This feature adds another
more realistic dimension to the resource management objective of
the game.
One distinct impression of the original board game was that it
could easily become static. Once the novelty of the game was
gone, it was easy for the game to settle into a rut because of the
intuitive and limited forecasts and the static game parameters.
One important element of the game simulation theory is the idea
of the dynamic game situation. This is essential when trying to
model the housing industry. Obviously, the industry does not
operate with fixed cost and proportions of resources over a very
long period of time. Here again a computer simulation enables
the costs and resource proportions to change in relation to the
events of the game, making their effect permanent rather than
temporary as they were under the board game penalty system.
The computer displays certain information for the players to op
erate with, while generating other changes internally for the players
to discover by interaction with the computer.
Working with these problems revealed other problems that
had to be resolved. For example, one major problem was the
adaptation of the national housing goal of 26, 000,000 units to the
game. This made it necessary for players to play as a collective
industry rather than the real world model of the highly fragmented
housing industry. Actually in the game each of these industrysectors is motivated by obtaining profit while achieving any national
goal. So the game is very realistic because the idea of profit
maximization and competition is maintained.
So far, our major difficulty with the computerized version is
gaining access to a sufficient number of terminals so that all play
ers can act simultaneously.
However, our initial objective of having students discover how
the homebuilding industry functions has been achieved.. .and in a
very enjoyable manner.
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A SUPER-ROOF CONCEPT FOR NEW TOWNS IN EXTREME CLIMATES
by
John V. Huddleston*

INTRODUCTION

With a proposed population of 40, 000 persons, the g ross density
would be the same as in (5), i . e . , 62 persons per acre or 154 per
sons per hectare (New York City’ s overall density is 94 persons
per hectare, Tokyo’s is 50). These figures do not seem unaccept
able if it is visualized that the town would have a “ m ultiple-level”
design, with the result that the usable area would be increased and
the net density decreased.
The difficult question of structural feasibility is not addressed
in detail in this paper because it seem s preferable to first establish
the econom ic, ecological, and sociological desirability of a super
roof. It is probably safe to assert, however, that before a d e a r span roof one mile in diameter can be designed, intensive research
w ill be required into the behavior of very large domes under dead
load (the weight of the dome itself), wind loads, snow and ice loads,
earthquakes, etc. On the other hand, such a roof in no way ap
pears to be an unachievable goal, any m ore than a suspension
bridge with a main span one mile long was an unachievable goal.

The habitat of man has evolved in stages from caves and other
natural shelters to tepees and igloos, then to huts and cabins, and
finally to the present-day scattering of houses and buildings. In
this last stage, the structures individually offer their occupants
protection from one or more uncomfortable aspects of the climate,
but they are usually separated from each other by outdoor areas
that are still at the m ercy of the vagaries of the weather. Thus,
during travel from one building to another, man frequently must
endure the discom forts of rain, snow, heat, humidity, dust, and
pollution. In the industrialized countries of the world, he has
attempted to solve this problem by equipping himself with a p ri
vate automobile that is weather-proofed, heated, and often even
air-conditioned. But he now finds his environment becoming so
congested with automobiles that it takes him longer and longer to
get from one place to another and he must park his car farther
and farther from the building he wishes to enter.
Economics and tradition make it difficult to alter this pattern
of isolated structures and transportation by private automobile.
But an examination of world population trends and of the habitability
of various portions of the earth's surface suggests that new ap
proaches to the problem of housing will be needed in the future.
Consider first the Declaration of Delos Nine (1), in which it is
projected that world population w ill “ inevitably” reach seven
billion by the year 2000 and that more structures must therefore
be built in the next generation than have been built in the entire
history of man. Consider simultaneously the analysis by
Antonopoulou-Bogdanou (2) of habitability of regions of the earth’s
surface. Taking into account factors of elevation, clim atic rigor,
and water scarcity, he predicts that even with continued techno
logical development only about one-third of the land area of the
earth will be suitable for extensive habitation by the year 2060. It
appears, then, that population growth is the irresistible force that
is meeting the immovable object of fixed habitation patterns.

A PROPOSED NEW TOWN
Figure 1 shows schematically some of the functions to which
space must be allocated in the interior of the dome and around the
exterior periphery (representing the interface with the external
man-made environment). The fraction of the space devoted to each
function and the actual physical arrangement of the parts of the
town are left unspecified herein, but they should be decided upon
in accordance with some reasonable set of design objectives for a
new town. As an example, those advocated by the American Insti
tute of Planners (7) are:
1.
2.
3.
4.
5.
6.

AN ALTERNATIVE APPROACH
One way out of this dilemma might be to give serious attention
to the proposals of Fuller (3) and Zuk (4) for utilization of a tranparent super-roof to enclose entire cities of the future. This idea
has been explored previously by the author (5) as part of a proposal
for a low -cost housing complex. It is expanded in this paper to the
scale of a complete new town. The capability of climate control
would allow construction of towns in areas such as Siberia or the
Sahara where the natural climate is normally considered too harsh
for urban habitation. Inside the enclosure there could be an “ out
d o o r s ” that is free from unexpected precipitation, uncomfortable
extremes of temperature, wind, and humidity, and air pollution.
To justify the cost of the dome, the internal space w ill need to be
used efficiently, with a population density somewhat greater than
that which is usually considered desirable. This disadvantage
could be mitigated, however, by planning the interior layout with
careful attention to both the physical and spiritual needs of the
inhabitants. As pointed out by Michelson (6), it is not the density
itself but the way in which people are separated from each other
and from the nonresidential parts of the environment that deter
mines the extent of density-induced pathology in a society.
TECHNOLCXIICAL CONSIDERATIONS
As a specific example, suppose that the town is to occupy a
circular region with a diameter of 5960 feet. This gives a circu m 
ference of 18,700 feet and an area of 640 acres or one square m ile,
which is four times the area of the enclosure discussed in (5).
P rofessor of Engineering and Applied Sciences, State University
of New York at Buffalo, Buffalo, New York 14214, U .S .A .

Fig. I

23

Variety of choice of housing for residents
Minimum cost
Attractiveness to economic investment
Diversity of activities
Flexibility
Expressive forms and coherent patterns

Other principles of planning for new towns have been formulated
by the United Nations (8).
Figure 1 also shows some of the inputs and outputs between
the town and the outside environment. It would seem desirable in
some instances to have a town that is self-su fficient in an econom ic
sense and in all cases to strive for minimum net pollution to the
outside environment.
Because the town is com pletely enclosed, no internal-com bus
tion engines can be tolerated inside. The transportation system
could consist of a free m onorail form ing a loop inside the dome
and connecting at two points or so with the outside periphery, plus
numerous bicycle paths and footpaths. In addition to the trans
portation system , a modern communication system would be de
sira ble. As one suggestion, an em ergency health-care unit
(including a physician) should be able to reach any point in the town
at any hour of the day or night within five minutes of notification.

CONCLUDING REMARKS

CONSIDERATIONS OF HUMAN ECOLOGY

3.

The concept of a self-su fficien t town enclosed under a single
transparent su per-roof has been explored briefly in this paper.
To establish its feasibility, m ore research is needed by the engi
neers, the city planners, and the sociolog ists. Once a better
understanding of the possibilities is achieved, the concept could
be adapted to floating cities, extraterrestrial colonies, and under
sea habitats. In some of these applications, of course, the town
must be not just self-su fficient but com pletely self-contained ( i . e . ,
everything needed is produced internally, and aU waste is recycled).
T here, then is the challenge. How w ill it be m et?
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PUSH-UP: A NEW METHOD FOR BUILDING CAST-IN-PLACE REINFORCED CONCRETE STRUCTURES
by
Peter M. Vanderklaauw, A .I.A .*

INTRODUCTION
If you think it logical to build buildings from the bottom up,
take a trip to the Netherlands and you will find that it is equally
logical, if not more so , to build from the top down.
A company by the name of Jackblock Internationaal N .V . has
since 1965 been building high rise structures in this upside-down
fashion.
They start with the penthouse, then build the top floor, the
floor below and so forth. Between each floor they jack up the
building, with the result that the building rises out of the ground
like toothpaste out of a tube. What makes it interesting is that on
a typical Jackblock site there are no cranes and no construction
elev ators; all you see is a tentlike structure with a completed
building protruding from the top. Noise and debris, so typical on
conventional construction sites, are practically absent.
The method described in this paper and referred to as Push-up
is essentially the same as Jackblock. It has a platform fixed at
ground level on which concrete is poured fo r the first flo o r . This
concrete, after hardening, is pushed up from the platform and the
next floor is poured on the same platform. Subsequently the two
floors are pushed up to make room for the third floor, and this is
repeated until the building has reached its projected height.
The difference between Jackblock and Push-up is the manner
in which the building is supported during lifting; Jackblock uses
concrete blocks, Push-up has cast-in-place concrete columns.
Off hand this may seem like an awkward way to build a building,
but looking at it from the point of view of expended energy it makes
sense. In conventional construction a lot of material such as form work, shoring, containers, waste material, tools and equipment
are hoisted into the building only to be taken down later. There is
also a waste of energy in the movement of people who circulate
through a vast area.
In Push-up the energy is largely contained; whatever goes up
stays up, and the movement of people is concentrated in a small
area.
Saving of energy would be of no consequence if it w eren’t linked
to practical advantages. And luckily this happens to be the ca se .
To enumerate some instances:
1. The form for floors (and walls) being in a fixed location
cancels the need for dismantling and rebuilding.
2. With the work concentrated in a relatively small area it
is easy to coordinate labor tasks.
3. There will be no delays due to inclement weather, the
building being enclosed as it r is e s .
4. Materials can be delivered directly from the truck into
the building, avoiding the need for cranes and construction
elevators.
5. Work conditions do not change from floor to floor, so a
steady work force can be maintained.
6. Factory conditions enhance quality control and control of
waste while also facilitating accurate programming.
7. The single unmovable form permits configurations in
floors and walls which are uneconomical in conventional
construction.
8. Early occupancy; with proper provisions the building can
be occupied during construction. (In some cases it may
be advantageous to stop the building after, say, 10 stories
and continue to 20 stories a few years later).
9. Short construction period.
In addition to these points the Push-up method offers a multiple
of opportunities to save time and cost. Cost saving must, after
all, be the ultimate objective if the method is to be successful.

’•'Assistant P rofessor, University of Miami, Coral Gables,
Florida.
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Taking a 20-story building, 80’ x 280' in size, in the Miami,
Florida area as an estimating model, we have calculated that an
8% saving in overall cost may be achieved using the Push-up sy s
tem in lieu of conventional construction. Potentially, however,
savings are much greater, especially in geographical areas where
seasonal changes in weather are m ore pronounced.

E

| PUSH-UP METHOD,

SO«WnC SECTKM OF A MUMB DUMB UMSIWJCHM

Fig. 1.

EFFECT OF PUSH-UP ON THE DESIGN OF THE BUILDING
Practically any conventionally designed building is suitable
for Push-up construction; however, dictated by the cost involved
in rental and installation of the auxiliary equipment, the system
is generally restricted to high buildings (say, from seven stories
up).
Push-up offers some opportunities which the designer of a
building should consider. For instance, flat plate construction
came into being only as a result of high labor cost in form w ork.
Since rebuilding of form work is not required in the Push-up meth
od, it is profitable to shape the floors for the most econom ical
design— such as beams and slabs or waffle; not only does this save
steel and concrete, it also allows larger spans (thus fewer columns)
and it provides for m ore structural stability.
Another opportunity to save cost is in the construction of w alls.
Instead of building walls in masonry or other material they can be
made inexpensively as a monolithic part of the total structure. (See
photographs of model).

Stairs should be designed as extensions to floors So they can
be lifted vertically out of a fixed fo rm .
Spandrel beams, balconies, and protruding elements should
all be designed to take maximum advantage of the system. The
same applies to window and door openings. An architect who
understands the opportunities afforded by the system and takes
account of them in his detailing can save his client a good amount
of money.
PUSH-UP VERSUS OTHER SYSTEMS
Comparing Push-up with liftslab or slipform, it can be said
that Push-up is a total structural system. Floors, columns,
walls, and stairs are aU done in one operation; no combination
with other systems or conventional work is necessary. Signifi
cantly, no extra reinforcing steel or built-in parts are required
to accommodate the system; all auxiliary equipment is completely
recoverable.
Push-up also compares favorably with component construction.
Work is done under factory conditions, yet no factory nor storage
space nor transportation facilities are needed. Also consider the
savings afforded by the fact that no joints are needed and no extra
reinforcement is required for transportation loads.
At this stage of development we have not looked into the use of
prestressing or post-tensioning techniques as part of the Push-up
method, but we recognize that there is a potential fo r their use.
RATE OF PROGRESS
In principle the Push-up method has an interim structure
which envelops a permanent structure. This interim structure
is capable of supporting the entire building. As the building rises
and the concrete of the permanent structure hardens, the interim
structure is dismantled and the function of supporting the building
is taken over by the permanent concrete structure. The interim
function can be extended either way - for a slow rate of progress
the interim structure is low, and for a fast rate of progress the
interim structure is high. This makes it possible to build at any
speed; that is, at any speed within reasonable limits, because the
rate of progress is naturally also dependent on the curing conditions
for the concrete and the type of concrete used. In any case, interim
structure, curing conditions and type of concrete are determinants
for the rate of progress, and they can be manipulated to accomplish
the progress desired. If all conditions are favorable, a rate of
one floor per day is possible to achieve.
Most well organized jobs today work on a three-day cycle; on
the first day the forms are built, on the second day the steel is
placed, and on the third day the concrete is poured. By dividing
a building in three parts, or by working on three buildings at the
same time, the work crews can be employed without interruption.
The Push-up method has the rebuilding of forms eliminated
so that a two-day cycle would be most appropriate, and this re
quires a building to be split in two parts or that two buildings are
built simultaneously.
The following paragraphs make reference to the illustrations
and describe the Push-up method in more detail.
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AUXILIARY COLUMNS
The key to the entire system is the employment of steel cas
ings acting as auxiliary columns. They serve three functions;
they;
1. Contain the fresh concrete for the columns.
2. Support the building while the concrete hardens.
3. Provide attachment for the lifting devices.
Composed of sections equal to one floor height (see Figures
2 and 3), the auxiliary columns rise with the building until the
concrete contained by them is strong enough to support the weight
of the building above. At that time the top sections are “ peeled
off” , fitted with reinforcement, and reinstalled below. By this
rotating acting the bottom part of the building is continuously sup
ported by a rigid steel frame or interim structure. The auxiliary
columns may be anywhere from two to six stories high depending
on curing conditions, type of concrete and rate of progress.
The load of the permanent concrete strucutre is transferred

TRANSFER BEAM

. 1

J

3.2 EXPLODED VEW OF
AUXMJARY COLUMN
SECTION

3.1 SECTION THRU LOWER PART
OF AUXUARY COLUMN
Fjg. 3.
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to the interim structure through interlocking surfaces on the inner
surface of the auxiliary columns (See Figure 2).
The sides of the auxiliary columns are removed by tilting them
away from the permanent columns, causing a zipper effect, and
transferring the load slowly to the bottom and into the next columns
section. Some special hydraulic tool or screw device would be
needed to separate both sides at an equal rate.
BRACING AND SUSPENDERS
In strategic locations bracing is introduced to resist lateral
fo r ce s on the building. This bracing, firm ly attached to the aux
iliary columns and anchored to the concrete, is extended down
ward, forming a vertical truss (See Figure 2). Suspenders serve
the same purpose as temporary shoring in conventional construc
tion. Provided with turnbuckles they can be easily removed and
reused.
LIFTING DEVICES (See Figures 4 and 5)
Designed to raise a building one full story in a single opera
tion, each lifting device consists of a steel guide column - 1 - , two
suspended rods - 2 - , a climbing unit - 3 - , a fixed base plate -4 and an adjusting base plate - 5 - . The climbing unit travels up along
the steel column in a hand over hand fashion, a method often used
in liftslab construction.

4.1 FOUR-STEP ACTON OF CUM BNG UNIT

Fig. 5.

Working with two crossheads -10- and -12-, two take-up
nuts -11-, two holding nuts -13- and two hydraulic rams -9 - and
alternately extending and retracting the rams and tightening the
nuts, the climbing unit pulls itself up along the column. The nuts
are driven by hydraulic motors (not shown) initiated and controlled
by a centrally located console manned by one operator. Inter
connections between lifting devices and console ensure that all
stations advance one increment before the next is started, to
guarantee equal lift throughout the building.
The lifting devices are connected to one another and braced
for stability. In a dual function the connecting beams also support
the fixed platform.
The various actions for lifting are amply explained on the
drawings.
When the building has reached the projected height, the con
crete columns are cast solid with the foundations ip which cavities
-17- are left for that purpose. The auxiliary columns and the
lifting devices are finally removed for reuse in other buildings.
I
Fig. 4.
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An Early Model of the Push-Up Method
M odel is at a scale of: l n equals 1' 0" . Concrete is cast on
a fixed platform with collapsing sides to form flo o rs and w alls.
- 1 - Using hydraulic lifting devices operating on the columns, the
concrete is pushed up one story high and the next floor is cast on
the same form . This procedure is followed for the roof and all
the floors until the building is com plete. - 1 - through -1 0 Auxiliary columns are used with the building, and when the
concrete is strong enough to support the building above, they are
dismantled in sections. These auxiliary column sections are then
reinstalled at the bottom to insure continuous support fo r the hard
ening c o n cre te .

1
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M ore Advanced Development of the Push-Up Method
Model is at a scale of: l n equals 1' 0n . Columns are raised
a full story height in one single operation (preferably during the
night between working days) - 1 - through - 6 - . After hardening of
the concrete the auxiliary column sections are “ peeled o ff” at the
top - 7 - , - 8 - , - 9 - and reassembled with reinforcement for installa
tion at the bottom .
Floor reinforcement continues through the columns to take
care of shear and negative moment. Note that the openings in the
floor to pass auxiliary columns -1 0 - are away from the critical
shear areas.
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PRECAST CONSTRUCTION OF TA LL BUILDINGS UTILIZIN G THE TENSION-STRUCTURE PRINCIPLE
by
Rudolph Szilard, Dr.-lng, P.E.* & Philip C. French**

INTRODUCTION
The acute housing shortage in the United States cannot be
solved without a thorough industrialization of the construction
industry.
Conceivably, a rational approach to the problem might be an
extensive use of conventional construction techniques and m aterials,
combined with new structural concepts.
These new concepts can also employ familiar construction
methods which hopefully would help overcom e the strong reluctance
of the construction industry to accept industrialization. In most
metropolitan areas of this country, the cost of land is becoming
exceedingly expensive, so much so, that it becomes almost man
datory to erect tall apartment complexes for satisfying the low
cost housing n eeds.
In this paper, an innovative systems approach to tall building
construction is introduced, utilizing mass prefabrication of large
concrete elements, combined with the structural advantages of
contemporary tensile structures.
ARCHITECTURAL CONSIDERATIONS
Figure 1 shows the perspective view of such a highrise (from
10 to 20 storeys) apartment complex. The building has a central
corrid or, off which one, two and three bedroom apartments are
located (Figure 2).
Utilities such as plumbing and electrical fittings, together
with door fram es, may be cast into the concrete tee panels, which
are an integral part of the structural system.
The exterior face of the building could conceivably utilize
architectural precast wall panels.

ONE BEDROOM
APARTMENT

Fig. 2. Apartment Layout

THE STRUCTURAL SYSTEM

TYPICAL PLOOB P Ul

Basically, the structure com prises of a cast-in -place central
c o r e , from which precast tee panels are suspended (Figure 3).
Precast in-fill panels bridge the gap between the load-carrying tee
m em bers. Vertical and horizontal prestressing not only tie the
precast elements to the core, but create a monolithic structure
with extremely high earthquake and wind resistance characteristics.
The precast tees carry the dead loads (with the exception of
internal partitions - 10 p . s . f . ) . These loads are transferred by
means of horizontal prestressing to the central core as indicated
in Figure 4A. The shear force between the core and the precast
tees is carried by the concrete, by virtue of the frictional r e s is 
tance caused by the pre-com pression, together with shear keys
provided in the stem of the tee section.
In this way, the wall and floor elements for each level are
suspended from the core.
The superimposed loads (live and partition loads) are trans
mitted directly through the stem of the precast tees which act as
bearing walls, once the dry packing and welding has taken place.
The main purpose of the vertical prestressing is to achieve
a monolithic structural action for wind and earthquake resistance.
The high-strength alloy rods for the vertical post-tensioning run
from the foundation up to the roof grillage beams, (possibly pre
cast). When the structure is under the influence of lateral loads,
it acts basically as a cantilevered deep beam. The resulting,

W

Fig. 1. Architectural Layout

* P rofessor of Civil Engineering, Adjunct P rofessor of Ocean
Engineering, University of Hawaii.
**Manager of Estimating & Engineering, Concrete Engineering
Department, HC&D, L T D ., Honolulu, Hawaii.
35

relatively low stress can be estimated by a simple ultimate load
design p rocedu re.1 The horizontal shear forces are transmitted
from one level to another by means of welded shear connectors.
See Figure 5B on connection details.

ROOF GRILLAGE

STRUCTURAL MATERIALS
All precast elements are made from lightweight concrete (120
lbs. per cu. ft.) with a strength of 5000 p . s . i . at 28 days. Castin-place concrete is to be regular weight (150 lbs. per cu. ft.)
utilizing a strength of 4000 p. s .i. in the foundation and 6000 p . s . i .
in the core walls at 28 days. The high-strength alloy prestressing
bars should have a minimum ultimate strength of 160,000 p . s . i .
Although for structural reasons bonded post-tensioning offers
certain advantages, fo r cost-saving purposes, unbonded bars con 
necting the tees to the core may be provided, assuming adequate
protection is made against corrosion , e .g . bars may be greased
and wrapped o r hot-dipped galvanised.

DESIGN CRITERIA

54 — » 64 FT

= 40 P.S.F.
LIVE LOAD
= 10 P.S.F.
PARTITIONS
= 30 P.S.F.
WIND
SEISMIC - ZONE 3
FIRE RATING - 2 HRS.

INDUSTRIALIZED PRODUCTION
Types of products to be made are tee panels, infill floor panels,
corridor soffit planks and exterior wall panels. All precast e le 
ments, other than the exterior wall panels, are to be factoryproduced on a long line basis with steam curing permitting an
efficient use of the precasting beds. A partial prestressing (pre
tensioning) of all elements would be desirable, not only for handling
purposes, but also to eliminate any cracking due to shrinkage. All
su rfaces, provided that special textured effects are not prescribed
by the architect, should be smooth and ready for painting or floor
covering. The outside surface of the exterior wall panels may
have a variety of finishes to enhance the appearance of the building.
As mentioned ea rlier, conduits, (piping and wiring), door and
window fram es may be cast into the elements during their manu
facture .

TYPICAL SECTION

TYPICAL SIDE ELEVATION
Fig. 3 . Structural System

LATERAL
LOADS

VERTICAL
PRESTRESSING PV. FOR
LATERAL LOAD RESISTANCE

PQ.

SUPERIMPOSED LOADS
TRANSMITTED THROUGH JOINT
,, ,, , ,,,,,, ,, ,, ,
^ ^

PQ.

HORIZONTAL
'PRESTRESSING
PH. FOR TRANSMITTING
----- DEAD LOAD TO CORE
______ ______FLOOR LEVEL
PH.

PO.

(A)

LOAD ACTION

CAST-IN-PLACE
CORE WALL

(A): CONNECTION OF PRECAST TEES
TO THE CORE WALLS

STEM OF TEE

PQ.

(B)

SECTIONAL PLAN THROUGH WALL
TA (in stem of Tee)

TB

(in core wall)

m
(COMPRESSION IN CORE WALL)
(C)

'VA

(COMPRESSION IN
STEM OF TEE)

(B) . TEE CONNECTION AT EACH LEVEL
Fig. S. Connection Details

ULTIMATE LOAD ANALYSIS FOR LATERAL LOADS

1At the moment the proposed structure is being m ore rigorously
analysed by a computerized matrix displacement method.

Fig. 4 . Structural System
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In this way, high standardisation can be attained, while the
labour force, especially at the construction site, can be kept to a
minimum. The majority of the precast manufacturers in the U.S.
are capable of producing the above-mentioned components, with
out any major additions or alterations to their existing plant facili
ties.
FIELD CONSTRUCTION AND ERECTION
The preparation of the building site is done in a conventional
way. The foundation slab is cast in the usual manner with care
being taken to locate correctly the threaded anchor plates needed
for the vertical prestressing. Local stress concentration in the
vicinity of the anchorage should be considered in the final design.
Initially, it had been the intent to construct the central core
up to a height of three or four levels prior to suspending the pre
cast elements. However, it became apparent that the connection
details between the precast elements and the central core would
cause a number of problems, such as
1. Stabilising the tees during erection,
2. Caulking of joints between the cast-in-place concrete and the
precast elements.
3. The high degree of workmanship required in ensuring the
proper vertical and horizontal alignment of the core wall.
4. The necessity to maintain extreme accuracy in the production
of the precast elements.
Hence another construction technique was sought which would
overcome these drawbacks, yet maintain the overall structural
concept.2 The construction and erection may then be summarised
as follows.
The central core wall forms are set up, with cut outs provided
to receive the stem of the precast tee panels. All prefabricated
elements are erected, other than the exterior wall panels, prior
to the pouring of the central core. As indicated in the Structural
Materials Section, a high strength concrete (F’c = 6000 p .s .i.) has
been used for the core, enabling the post-tensioning of the precast
tee elements to the core to take place after the concrete has
achieved a strength of 3000 p .s .i. (approximately two to three
days). See Figure 5A. The exterior wall panels may be erected
prior to post-tensioning.
Stress-steel tensioning tongs (Figure 6) permit the stressing
operation to be executed within the corridor. The top and bottom
of the tees are welded together as indicated in Figure 5B to trans
mit horizontal shear. Combined with “ dry-pack" under the wall
sections, this ensures transmittal of the superimposed loads down
through the structure (stem of tee becomes a load-bearing element).
In order to ensure that the dead load of the structure is trans
mitted to the core wall and not down through the stem of the pre
cast tees, “ Freyssinet Flat Jacks” may be used during the erec
tion sequence. After the tees have been post-tensioned to the
wall, the jacks may be deflated and removed.
At every third floor level, vertical prestressing is applied as
indicated in Figure 7, ensuring structural stability during erection.

DETAIL A

DETAIL A
Fig. 6 . Stressteel Tensioning Tongs

PRELIMINARY RESULTS
A 15 storey building approximately 130 ft. high and varying in
width from 54 ft. to 64 ft. was roughly analysed. The results,
based upon design criteria given in Table 1, are as follows:
1. Core Wall - 10 in. thick - lightly prestressed vertically in
close proximity to the stem of the precast tee panels.
2. Precast Infill Panels - 5 in. thick. These panels are approxi
mately 9 ft. wide by 24 to 28 ft. long, and are considered as
simply supported members spanning in the short direction.
Maximum weight per panel = 6.25 tons.
3. Precast Tee Panels - A preliminary flange and stem thickness
of 5 in. appears to be satisfactory. However, such problems
as deflection and torsion should be investigated in a final
design. The tee panels are 9 ft. wide, 8 ft. 6 in. deep and 24
to 28 ft. long. Maximum weight per panel = 11 tons.
ELEVATION

wtii

Various connection details are being considered in order that the
initial construction technique outlined above may be used.

OBJ

TYPICAL SECTION

a

O r FOST-TEMSIOMIWS

Fig. 7. Connection Details o f Vertical Post-Tensioning
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4.

P restressing (a) Horizontal - based upon ultimate load capacity, a 1 1/8 in.
dia. 160 k . s . i . Stressteel b a r, is sufficient to suspend each
tee from the core wall.
(b) Vertical - as indicated in Figure 4C, the maximum amount
of prestressing required is equivalent to four 1 in. dia.
Stressteel bars placed in the outer edges of the precast panels.

example:
1. F or dead-load, the structure acts as an “ X -m as tree” i.e . a
tension structure, while the live loads are carried by the wall
section of the precast tees. This division of load reduces the
overall weight of the building by 10 to 20% when compared to
conventionally reinforced concrete structures.
2. An extremely high earthquake and wind fo rce resistant
structure, due to the vertical prestressing.
3. Mass fabrication techniques in the manufacture of the precast
elements in which utilities are incorporated.
4. Permits versatility for architectural design.
5. Fast erection, with a considerable reduction of on-site labour.
6. Utilization o f presently available prestressing plants.
No attempt has been made to cover three of the most important
functional requirements of m ulti-storey dwellings, namely thermal
insulation, sound insulation and structural fire requirements. All
three should be thoroughly investigated prior to the final design of
the structural elem ents.
However, the main purpose of this paper is to illustrate that
the construction of low -cost apartment complexes is feasible
utilizing the tension structure principle.

CONCLUSION
The proposed new construction for tall apartment complexes
attempts to eliminate perhaps the two most important obstacles to
the industrialized production of low -cost housing, namely:
(a) The hesitation of the construction industry to use unfamiliar
system s.
(b) The present undesirable restrictive building code require
ments.
New concepts invariably have a multitude of known and un
known drawbacks, including the reluctance of the architects,
engineers and contractors to be innovative. However, it is felt in
this case that the advantages outweigh the disadvantages, for
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STRUCTURAL BEHAVIOR OF WALL PANELS FOR LOWER COST HOUSING
by
David W. Fowler,* James T. Houston,* and F. B. Johnson*

housing in Europe, Puerto Rico, Latin A m erica, and South A m eri
ca but has witnessed only limited use in the U .S. housing industry.
A section of panelized system utilizing asbestos-cem ent is
shown in Figure 1. The system consists of hollow extruded as
bestos-cem ent columns on 16 inch center connected by two 3/8
inch asbestos-cem ent panels. The system is not a true prefab
ricated panel since the panels are bonded to columns with ad
hesive after the columns have been attached to the slab with steel
angles. A horizontal steel rod is used in the top of the panel to
tie the wall together. Fiberglass batt insulation is placed in the
cavity.

The quest for lower cost housing has witnessed the use of
countless construction techniques ranging from conventional on
site construction to completely prefabricated modules. While
labor costs, labor shortages and quality control are largely r e 
sponsible for the growing trend away from on-site construction,
prefabricated modular construction has also been subject to
limitations. Between these extremes, panelized construction
utilizing prefabricated panels represents a logical and practical
com prom ise for many building systems.
Panels vary widely according to size, construction and ma
terials . While modular widths of two to four feet are the most
common, some builders use full width panels. Some panels are
constructed using conventional stud construction while other uti
lize sandwich or stressed-skin design made of a wide variety of
core and facing m aterials.
This paper summarizes the structural performance of stressed
skin and sandwich panels used or proposed for use in lower cost
housing. Several of the panels were used in the Austin Oaks Low
Cost Housing Development Project. (1) All of the panels had a
nominal length of eight feet and a width of four feet or le s s.

16"

TYPES OF PANELS
Three basic types of panels were tested in the program :
asbestos-cem ent post and sheet panels, aluminum-skin paperhoneycomb panels, and plywood skin panels with wood perim eter
m em bers and polystyrene cores. A summary of the panel de
scriptions is given in Table 1.

Fig. 1. Cross Section o f Asbestos-Cement Panel

Aluminum Sandwich Panel

Asbestos-Cem ent Panels
Asbestos-cem ent is a construction material that has been in
use for many years. It has excellent durability, fire resistance,
and com pressive strength. Its compression and tensile strength,
several times higher than concrete, are due to the asbestos fiber
reinforcement. A sbestos-cem ent has been used extensively for
TABLE 1; SUMMARY OF FLEXURAL TESTS
Panel

Thickness,
in.

T1
T2
T3
T4
T5
T6
T7

3 -1 /2
3-1 /2
3
3
1 -3 /4
1 -3 /4
2-1/8

T8

2 -1 /8

T9

2-1 /8

T10

2-1 /8

T il

2-1 /8

T12

2-1 /8

T13

2-1/8

T14

2-1/16

T15

2-1/16

Compression
Face
Asbestos-cement
Asbestos-cement
0.030 in. Aluminum
0. 030 in. Aluminum
0. 030 in. Aluminum
0.030 in. Aluminum
3/8 in. Douglas Fir
Plywood
3/8 in. Striated
Cedar Plywood
3/8 in. Striated
Douglas Fir
l / 4 in. Mahogany
Plywood
3/8 in. Asbestos
Fiberboard
3/8 in. Tempered
Hardboard
l / 4 in. Mahogany
Plywood
Aluminum-Clad
5/16 in. Douglas
Fir Plywood
1/4 in. Mahogany
Plywood

Tension
Asbestos-cem ent
Asbestos-cem ent
0.030 in. Aluminum
0. 030 in. Aluminum
0.030 in. Aluminum
0. 030 in. Aluminum
1/4 in. Mahogany
Plywood
l / 4 in. Mahogany
Plywood
1/4 in. Mahogany
Plywood
3/8 in. Asbestos
Fiberboard
1/4 in. Mahogany
Plywood
1/4 in. Mahogany
Plywood
3/8 in. Tempered
Hardboard
1/4 in. Mahogany
Plywood
Aluminum-Clad
5/16 in. Douglas
F ir Plywood

♦Department of Civil Engineering, University of Texas at Austin.
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Aluminum has been a primary aircraft construction material
for years, but thus far has found limited use in housing. Its ex
cellent corrosion resistance and high strength-to-weight ratio
have encouraged several manufacturers to produce panels with
structural aluminum skins with lightweight cores.
The panels used in this test program consisted o f nominal
0.030 inch pebble -texture prefinished aluminum skins with a
resin-impregnated honeycomb paper c o r e . A phenolic resin was
applied separately to the core and the aluminum skins, and after
the panel was assem bled, heat was used to activate the adhesive.
Exterior wall and roof panels were three inches thick while in
terior panels were 1 -3 /4 inches thick. All panels w ere 48 inches
wide.
An aluminum channel attached to the floor is used to hold the
panel; one-eighth inch pop rivets attach the panel to the channel.
A vinyl lock-strip provides the connection between adjacent panels.
Plywood Stressed-Skin Panels
Plywood stressed-skin and plywood sandwich panels have been
in use for many years in the aircraft and construction industries.
The development of low density cellular plastic core materials
and improved adhesives coupled with the trend toward prefabrica
tion have witnessed the development of many types of plywood
faced panels.
Figure 2 illustrates the construction of the panels used in this
test program. Using both wood stringers and polystyrene for the
c o re , the panels are actually a combination of stressed skin and
sandwich construction. Both plywood skins are bonded to the wood
preimeter members and the polystyrene core to produce a panel
four feet by eight feet by approximately 2 -1 /8 inches thick. The
interior skin in all cases was prefinished Philippine mahogany
plywood. The exterior skins used w ere: sanded Douglas fir ply
w ood; Douglas fir plywood; V-grooved striated cedar plywood;
asbestos fiberboard; and tempered hardboard. The thicknesses
w ere 3/8 inch in all cases except the aluminum-bonded plywood
which was 5/16 inches thick.

2 x 4 Grooved
Stringer

f

Exterior Facing Material (Varies)

|V2 Expanded
Polystyrene

zy.l'io

/4 Philippine
Mahogany Paneling

Asbestos-Cement Panels

2 x 4 Tongued
y Stringer

The asbestos-cement panels were tested using one repetitive
unit, 16 inches wide, consisting of a half-column section on each
side of the two flat sheets instead of the 48 inch width specified
by ASTM. The asbestos-cement panels exhibited a nearly linear
load-deflection response to failure. In both panels, a sudden
tension failure occurred on the bottom face between the quarterpoint loads.
The moduli of elasticity were found by test to be 3, 000,000
psi in compression and 3,400,000 psi in tension. The ultimate
compressive stress was 13,600 p si; the ultimate tensile stress
was 1,980 psi. It was determined that the calculated ultimate
load could be very closely predicted using: (1) elastic theory;
(2) a neutral axis location found by assuming the compression
modulus for the entire session; and (3) an effective flange width
from the face of the column equal to four times the panel thick
nesses. Good agreement was also obtained for deflection response
using the same assumptions. The panel proved to be by far the
stiffest of all the panels tested with an average A /L ratio of less
than 1/1200. The factor of safety for a 20 psf load was in excess
of 5 for an eight foot panel.

2V

C ross-S ectional View

Aluminum Sandwich Panel

Front View
(Top Skin Omitted For Clarity)
Fig. 2 . Section and Elevation o f Stressed-Skin Panel

The panels are connected together by the tongue-and-groove
joint. An aluminum batten strip is used to weather-proof the
joint.

FLEXURAL BEHAVIOR
The flexure tests were performed in accordance with ASTM
E-72-61 except as otherwise noted. Panels T7 through T13 were
tested with a span of seven feet; all other panels had a span of
seven and one-half feet. At least two panels of each type or thick
ness were tested except in the case of three of the plywood panels
(P7, P8, P9), in which case the exterior skins differed only slightly
in strength. The behavior of each type panel will be discussed
briefly. The results are tabulated in Table 2. The ultimate unit
load has been reduced to correspond to an eight foot span for a
typical wall. The factor of safety is given for a 20 psf superim
posed lateral load. The deflection, A, and the deflection-to-span
ratio, A /L , are also for an eight foot panel height and a 20 psf
load.
TABLE 2: FLEXURAL TEST RESULTS1
Panel

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T il
T12
T13
T14
T15

Ultimate
load
psf

Factor
of
Safety

A,
in.

114
111
88
112
31
28
169
144
165
96
196
152
141
112
122

5.7
5.6
4.4
5.6
1.6
1. 4
8.4
7. 2
8. 2
4.8
9. 8
7.6
7.0
5.6
6.1

0.062
0.086
0. £09
0. 216
0.133
0.184
0.373
0.373
0.373
0.328
0.396
0.381
0.366
0.394
0.364

A /L

1/1550
1/1110
1/459
1/444
1/722
1/522
1/257
1/257
1/257
1/293
1/242
1/252
1/262
1/244
1/264

All results have been adjusted to correspond to eight foot panels;
factor of safety and deflections are based on 20 psf loading.
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Two 3 inch panels and two 1 -3/4 inch panels were tested to
failure. After panel T3 had failed in buckling due to stress be
tween the reaction and the quarter-point load, the other three
panels (T4, T5, and T6) were tested with four uniformly spaced
live loads instead of the usual two as specified by ASTM. This
was done to spread the applied load as much as possible to lower
the stress concentrations in the thin aluminum skin at interior
load points. The oilier 3 inch panel, T4, also failed by shear
buckling. The 1-3/4 inch panels both failed by flexural buckling
of the compression skin near the midspan.
A ll four panels exhibited essentially an elastic load-deflection
response to failure. The deflection of the panels, with the ex
ception of T4, was predicted within 20 percent using previously
proposed theory considering both shear and flexural deflections.
(2) From tests, the elastic modulus of the aluminum was found
to be 10, 350,000 psi, and the shear modulus of the core was de
termined to be 1,710 psi for the 3 inch panel and 327 psi for the
1- 3/4 inch panel. The deflections for a 20 psf superimposed load
were quite low, and the factor of safety against failure was in
excess of four for the 3 inch panel; for the partition panels, the
factor of safety averaged 1.5.
Plywood Panels
The plywood panels exhibited considerably greater deflection
than the other two types of panels, but still less than l/240th of
the span for the 20 psf service load. With the exception of the
aluminum-clad plywood, the panels exhibited a nearly linear loaddeflection response, with a slight reduction in stiffness in the load
range. The aluminum-clad plywood panels exhibited greater non
linearity near the maximum load. In fact, the load-deflection
curve for T14 became practically horizontal before failure finally
occurred. All panels except T10, with the relatively brittle as
bestos-cement fiberboard on the tension side, deflected at least
2 - 1/2 inches before failure occurred; panel T10 deflected 1.6
inches.
The plywood properties used for calculating deflections were
those recommended by the American Plywood Association (3)
since these are the values used by the design engineer. For the
non-plywood skins, properties were found from tests. For the
asbestos fiberboard the properties were: compressive and tensile
moduli, 450, 000 psi and 613, 000 psi respectively; ultimate com
pressive and tensile strength, 3000 psi and 1130 psi. The tem
pered hardboard possessed compressive and tensile moduli of
455,000 psi and 618, 000 psi; ultimate compressive and tensile
strengths were 5000 psi and 2600 psi respectively.
The mode of failure varied. Shear failure in the perimeter
framing members occurred in T7, T9, T12, T13, and T15. The
bond failed between the top skin and framing member in T8 and
T14, although T14 continued to deflect at constant load. Panel

PANEL COSTS

T8 also developed cracks in both faces. Tension failures occurred
in the skins of T10 and T i l .
The predicted deflections were calculated using the theory for
plywood stressed-skin panels (4) with the exception that no reduc
tion in effective skin width was assumed since the core provided
support as in sandwich panels. (5) F or the panels T7, T9, T14,
and T15, the calculated deflections for a 20psf superimposed load
w ere approximately 20 percent less than the observed values; the
deflections for panel T8 were in excellent agreement. However,
the theoretical deflections were larger than the observed values
for the panels with asbestos-cement fiberboard and hardboard
facings. At the 20 psf service load, the deflection-to-span ratios
were nearly the same fo r all panels ranging from 1/242 to 1/293.
The factor of safety for service loads was in excess of four for
all panels.

The relative costs of the panels, including erection but no
allowance for finishing of unfinished surfaces, are given in
Table 4. The costs are given for sake of comparison only and
may vary widely from one locale to another. It should be noted
that maintenance costs and insurance rates w ill vary and can have
a significant effect on costs.

POTENTIAL OF PANELS
All of the panels tested in flexure and com pression indicated
a satisfactory factor of safety and stiffness. Panels T5 and T6
had a factor of safety less than two in flexure, but should be ade
quate as interior partitions. In com pression the panels are capable
of carrying typical roof spans with an adequate factor of safety.
The asbestos-cement panels tested represent a structurally
sound but inefficient system. Asbestos-cem ent is a material with
enormous, but as yet untapped, potential for use in prefabricated
building components. T o be used econom ically, however, mono
lithic cellular panels are dictated to reduce labor and material
(including adhesive) costs.
The aluminum sandwich panels proved to be structurally ade
quate. However, thermal and acoustic deficiencies seriously
impair their suitability for use in housing. Polyurethane lowdensity foam is being applied to each face of the honeycomb core
in an attempt to aUeviate the thermal problem . The exterior
skins are subject to damage by hail.
The plywood stressed-skin panels have been used for several
years in the southwest primarily with the aluminum-clad plywood
exterior skin. The panels have m ore than adequate strength, can
be furnished in a variety of exterior finishes, and possess a warmth
not found in other materials. The primary disadvantages are
maintenance and lack of fire resistance for the all-wood panels.

COMPRESSION TESTS
The compression test specimens each had a height of eight
feet with the same width as the flexural panels. The panels were
tested in accordance with A£TTM E-72-61.
The asbestos-cement panel carried a total axial load of
28,900 pounds. The maximum deflection was 0.332 inches.
Failure was due to a rupture in the tension fa ce .
The aluminum sandwich panel developed a load of 3750 pounds
before local buckling of the facing occurred at one end of the panel.
The maximum deflection was observed to be negligible.
The three aluminum-clad plywood stressed-skin panels tested
developed an average ultimate load of 20, 200 pounds before elastic
buckling occurred. The lowest ultimate load was 16,340 pounds.
The maximum deflections ranged from 0.8 to 1.5 inches.

TABLE 4: SUMMARY OF PANEL COSTS

INPACT TESTS
Panel
Impact resistance was measured using a falling ball test very
similar to ASTM D1037. The 2 inch steel ball was dropped from
an increasing height on the specimen until a visible crack appeared
on the upper surface or the maximum height of 80 inches had been
reached. The maximum drop height, permanent set at last drop,
and mode of failure are recorded in Table 3. The asbestos-cem ent
panel was the most brittle and failed at a height of only 30 inches.
The two plywood specimens did not rupture. The aluminum-clad
plywood had a greater permanent set since the aluminum surface
recovered less than the mahogany plywood.
The 3 inch aluminum panel failed whereas the 1 -3 /4 inch
panel did not. Apparently the thinner panel had more com pressive
stiffness due to the shorter buckling length of the core material.

Relative Cost,
$ /sq . ft.

Asbestos-Cement

2.04

3 in. Aluminum Sandwich

1.36

3 /8 in. Douglas Fir

1.30

3 /8 in. Striated Douglas Fir

1.30

3 /8 in. V-grooved striated cedar

1.38

3 /8 in. Asbestos-Cement

1.59

3 /8 in. Tempered Hardboard

1.38

5/16 in. Aluminum-Clad Douglas Fir

1.57
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LOWER-COST HOUSING RESEARCH - INTERDISCIPLINARY GRADUATE STUDY PROGRAMS
by
Gunter Schmitz*

Housing is becoming the most commanding building task of the
immediate future. And solving the world’s mass housing problems
will be a crucial test for man’s intellectual soberness and organi
zational capacity. By the end of this century, more dwellings than
the total number mankind has built in its entire existence must be
constructed. About half the population of Africa, Asia, and Latin
America - over 1000 million people - are currently homeless or
living in subnormal housing which is both hazardous and humiliating
to the dwellers. Population growth and rural/urban migration
lead to overcrowding and uncontrolled development of settlements
around cities which lack basic amenities. These spontaneous
squatments - rural solutions to urban problems - choke programs
of economic development, reduce urban efficiency, and produce
many varieties of environmental pollution. Considering the antic
ipated explosive increase in urbanization (Figure 1), existing
substandard settlements are small in comparison with those yet to
come. (1) If not planned for in advance, the majority of the world’s
population will be permanently living in substandard, often impro
vised dwellings and chaotic environments by the end of the century.

rating housing stock which is overcrowded and lacking in basic
amenities produces squalid living conditions for another large
portion of the world’s population. Nor are these slums restricted
to developing countries alone; they are traditional living quarters
for the urban poor in many industrialized nations as well.
Rural areas also need to have existing unsound housing re
placed and new dwelling units built to handle the natural increase
in population. Although population densities in rural areas are
less critical, general housing conditions for rural and small-town
dwellers match the urban housing plight.
If natural population increase, urban migration, necessary
replacement of obsolescent housing stock and a needed gradual
elimination of the backlog in housing is taken into account, over
27 million dwelling units should currently be constructed annually
in Africa, Asia and Latin America (Figure 2). (4) This conserva
tive estimate adds up to well over 800 million dwelling units by the
end of the century for these areas alone. It should be compared
with an estimated 250 million dwelling units to be built during the
same time span in the areas with more advanced economic and
social resources: North America, Europe, the Soviet Union and
Oceania. (4)
Housing required to provide for:

A fric a

Asia

Latin America

Population increase
(by natural growth and urban migration)

1 .8

7 .5

1 .8

Replacement of obsolescent stock

1 .2

7 .4

1 .0

Elim ination of existing shortages
(during 30 years)

0 .8

4 .9

0 .7

Total

3 .8

1 9 .8

3 .5

27 .1

Fig. 2 . Estimated average annual housing requirements 1970-7S (in millions o f dwelling
units). (4 )

Fig. 1. Growth o f total world population and urban population in various categories
( 1 9 2 0 = 100). ( 2 )

Prior to World War 2 squattering was a minor urban problem.
Mass migration into the cities during the 1950’s and 1960’s, how
ever, increased the squatter problem to severe proportions.
Today, it is the rule rather than the exception that urban squatment
communities compose 25 to 50 percent of the major cities in Asia,
Africa and Latin America. (2) Until recently most governments
considered the urban squatter communities temporary in nature,
incidental occurrences that could be weeded out easily someday
along the cities’ road to progress. But despite occasional forcible
evictions, urban squatments have proven to be surprisingly per
sistent. They continue to increase in number and in total popula
tion. They have, in fact, become a natural part of the urbanization
process in many countries of the “ third world’ ’ . (3)
But urban shack-towns and other forms of improvised housing
form only part of the desperate world housing situation. Deterio
* Associate Professor in Architecture, Texas A&M University
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The magnitude of this giant building task - well over 800
million dwelling units to be built in less than 30 years in the “ third
world’ ’ alone - speaks for itself. It calls for annual housing pro
grams for these regions which produce 8 to 10 dwellings per 1,000
inhabitants. Comparison of this target with the output attained by
industrialized countries (the rate achieved in 1960 by France was
7.0, USA 7.1, Switzerland 9.3, Federal Republic of Germany 10.3
and Soviet Union 14.0 dwellings per 1,000 inhabitants) (5) helps to
emphasize the formidable nature of the task confronting developing
countries. The gap between mass housing need and supply is funda
mental. Although the rate of provision of new and satisfactory
housing lags far behind the rate of population increase, the coun
tries’ precarious economic situation does not permit them to
allocate to housing the resources that would be required to develop
low cost housing programs on a scale commensurate with the need.
The majority of families, on the other hand, are too poor to be able
without public assistance to own or rent housing of even minimum
standards of habitability and sanitation. In an effort to overcome
this typical dilemma painful failures are sometimes experienced.
If it is, for instance, decided to eradicate all urban squat
ments and slums and to rehouse their inhabitants in decent, safe
and sanitary subsidized housing projects, the efforts normally will
be an exercise in futility, incapable (given the scarcity of re
sources) , of causing any effective amelioration of a serious housing
crisis. (6)
Another conventional approach is a foreign aid program where
sophisticated, capital-intensive, labor-saving machinery and
equipment is imported as aid from an industrialized country to
produce housing in a complex industrial process. The advanced
countries possess much valid knowledge, know-how and experience
which the poor countries urgently need to acquire and apply, but a
high degree of selectivity is needed by the poor countries to relate
them to their specific resource base. The most important criterion
of the value and effectiveness of any kind of aid is the degree to
which it helps the recipients to help themselves. Extensive import

of plant and machinery largely by-passes the majority in developing
countries, as it does not help the mass of people to help themselves,
creating very few new jobs, straining the poor country’s balance of
payments and prolonging or even increasing its dependence on rich
countries.
Another frequent mistake is the setting of unrealistically high
standards, unrelated to the economic realities of a country. Floor
space rates, standards for finish, fittings and amenities directly
affect housing costs. Generally a house of relatively generous
proportions but low standard of finishes and fittings would be the
preferable solution for the low-income family. Plastered walls
and ceilings, internal d oors, special flooring, closets, e t c ., can
in many cases be carried out later by the occupants. Though the
standard of finishes may be low, the family will have ample space
for normal living. It is much easier to improve the standard of
finishes of a house once the owner is in occupation, than to enlarge
the space. (7) Low cost housing standards, however, are frequently
not flexible enough to respond in a sensitive way to the needs of a
population which grows disproportionate to industrial development.
Rigid ideals of basic standards of space, modern sanitation and
construction techniques have to be tempered by a practical recog
nition of what is possible. Temporary acceptable standards are not
a step toward slums but a pragmatic comprehension of the scale
and urgency of the urban housing crisis in economic disadvantaged
areas. (8)
The high cost of financing, the considerable cost of public
administration in the management of the invested capital, and finally
the frequent lack of realistic and competent designs for both low ercost dwelling units and their urban environment also belong to the
typical pattern of traditional but hopeless approaches to a problem
that calls for innovative alternatives to cope with the realities of
the situation.
Fortunately enough, many intelligent approaches adapted to
typical conditions in the now-developing countries have been devel
oped in the past. Aid and technical assistance have at times been
used wisely to maximize the use of local labor and raw materials
and to minimize dependence on imports and scarce foreign exchange.
Many aided self-help programs in both rural and urban areas proved
that fam ilies can build their own homes to a good standard, given
adequate guidance and supervision and the incentive of home owner
ship. (9)
Governmental programs providing the site and the necessary
public services like roads, environmental sanitation and utilities to
make an area livable have been successful in Latin Am erica in
meeting large scale squatter-problems. People build their own
homes and pay for the improved land and the provided public services
over a period of time. As an alternative to paying rent fo r over
crowded accommodations, the system works well, offering the pride
of home ownership to dw ellers, and costing the government but a
fraction of a full scale public housing project.
Cooperative housing associations have frequently been formed
in Latin America by squatment communities with the aim to acquire
legally from the government the land upon which their members
squat. When successful the cooperative association becomes the
owner-developers, and it decides on the improvement of the land.
The individual members are called upon to see their particular
interests in the light of the wider concerns of the community. And
the leadership of the cooperative housing association must be willing
to develop the people’s participation in the decision making p ro
cesses of the organization.
The level of standards has at times been realistically related to
the actual situations and stages of development. Standards in Hong
Kong might have been very low (25 sq. ft. per person, one room
per fam ily), but it offered the people better living conditions than
they had before, and by permitting the people to settle down, housing
made a solid contribution to industrialization. Hong Kong’s first
resettlement blocks completed in 1955 were primitive in design and
spartan in living facilities. A decade later the newest housing
facilities show more variation in design, imagination in land use,
and larger living space. The new housing estates also demonstrate
Hong Kong’s economic su ccess. The necessity of intensive land
use forced both Hong Kong’ s and Singapore’s governments to solve
their massive housing needs by high-rise building program s. In
spite of the complex technical-administrative system necessary to
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support high-rise housing, both governments were successful. (10)
Their solutions, however, are unique as both cities have very
limited land resou rces, and had to provide low cost housing for
populations already accustomed to high-density urban life .
Planners, architects and administrators alike, faced with the
realities of the social, economic and technological problems of rapid
urbanization, begin to develop a sympathetic appreciation of local
culture and resources. Many advances have been made by urban
anthropologists regarding acculturation processes of rural people.
Many public housing projects are conspicuous failures in this regard,
as they respond little to the traditions of their intended occupants,
whose cultures and value systems differ from region to region. (11)
The ethnic character of a low -cost dwelling, as examples show,
can well be expressed in its design, in size, uses and orientation
of room s, as well as in indigenous construction methods, materials
and finishes. (12)
The core house or nuclear house concept has been used widely
in recent years. Many variations exist, but the scheme basically
consists of a sequence of phased construction steps. A fundamental
shell - a roof, a room and basic sanitary and kitchen facilities is gradually finished, improved, and expanded following a predeter
mined design pattern. The continuous upgrading of the initial
deliberately unfinished home is normally done by the occupants
themselves as need arises and their economic conditions improve.
Timing of the house’s growth is up to the occupants, who may
even decide to use expansions of the home for a store, workshop
or place for lodgers as a potential source to supplement the scarce
family income.
The use of simple prefabricated construction components has
also been effective in various efforts to provide housing at the
lowest income level. The 20 foot long pleated asbestos cement
roof panel developed in Central Am erica is one of several good
examples of the successful introduction of dimensionally well
coordinated low -cost building components for universal use.
In developing countries, the change-over from traditional to
industrialized construction methods follows different patterns than
were experienced in the developed nations.
Lightweight and simple to handle components (such as doors,
windows, kitchen cabinets, sinks, lintels, beams, purlins, as well
as floor and roof slabs) if dimensionally coordinated, are preferred.
They can be distributed in quantity and used by people without
sophisticated technical skills. Raising the productivity of existing
techniques without saving labor, they are one of the form s of p re
fabrication which poor communities can afford, operate and main
tain for themselves. The eventual evolution of distinct systems of
partial prefabrication, combined with labor-intensive traditional
building methods, can be an effective next step in reducing costs
of project housing and increasing flexibility both in function and
appearance. (13)
But in spite of these and other positive advances, housing
conditions in the now developing countries continue to deteriorate.
The competent recommendations of the United Nations to build
during the 1960 decade 10 houses annually per 1000 inhabitants
were not followed. Less than one fifth of the production rate r e 
quired to overcome the present shortage and keep pace with urban
growth and replacement needs has been accomplished by most
developing nations. Investment in housing represents about 1.5 to
2 percent of the national income in the developing countries, as
against the 4 to 6 percent necessary to cope with the problem. (14)
Although economists increasingly consider housing essential for
accelerated economic and social development, most governments
allocate a low priority to it in their development plans. The very
magnitude of the problem tends to deter governments and inter
national agencies from the enormous quantitative and qualitative
efforts needed to meet the mass housing needs of the people.
No wonder that the Universities in their majority stayed aside.
Architecture departments in particular tend to ignore low, lower
and low est-cost housing as much and as long as possible. The
somewhat modest housing requirements of people in the vicious
circle of poverty—who would like to work their way out of economic
misery but whose lives are stuck in hopelessness, apathy and
irrationality— are widely ignored. There are, fortunately, excep
tions . Architecture schools set up urban workshop programs with
field stations for advocacy planning and design in disadvantaged

communities. There is a world renowned Center for Urban Studies
shared between two academic institutions, and even a two-year
M. Architecture program “ Urban Settlement Design in Developing
Countries” with summer field work contacts. (15) Although some
urban and regional planning departments already offer courses on
problems of developing countries, the general picture remains
disappointing. The number and types of housing experts available
in the “ third world” are not balanced with the demand, and students
from these countries attending universities in industrialized
nations do not find courses of study needed to prepare them to deal
with their severe housing needs. The inappropriate values which
these students bring back from their industrial host countries may
be potentially even more damaging than the actual fact of a non
return, the “ brain drain” . (16) The typical design, engineering
or planning student educated in this or another developed country
is largely incapable of coping with the complex lower-cost mass
housing problem faced now by the majority of the human family.
In such an obvious state of emergency, it is high time that
universities focus their attention on the problems of mass housing
needs. Universities—as thinking centers with a unique variety of
professional disciplines, with their wealth of information resources,
with their interest in research and dissemination of knowledge,
with their constant use of logical tools including data processing,
their objective status in society and their many highly motivated
students who try to relate their education to real-world resolution
of socio-technical problems—universities would be ideal institutions
to contribute substantially with a sincere sense of commitment to
this worldwide cause of the highest importance to mankind.
How could they actually contribute without changing the existing
academic structures? First of all, a basic change in attitude is
necessary. This may even imply a possible shifting in orientation
and the order of priorities. On the undergraduate level, courses
relating to lower cost housing and developing countries ’ conditions
should be identified, improved and emphasized in the structure of
the curricula. New courses may have to be added.
On the graduate level many opportunities exist to establish
study programs relevant to the scale and complexity of the problem.
They could probably best be structured in architecture, engineering,
and planning but should be based on multi-disciplinary faculty
which could include members from economics, sociology, urban
anthropology, systems analysis, political science, management,
law, financing, public health, etc. Emphasis on the particular
program and composition of the faculty will vary according to
university resources and willingness for interdepartmental cooper
ation.
The program should appeal to candidates from different disci
plines with diverse areas of knowledge and range of skills. And
the curriculum should be elastic enough to suit 3 types of students the theoretically inclined, the practically oriented and the experi
mentally gifted.
The program should be research and development oriented,
but at the same time permit students to achieve academic proficiency
through an array of problem-specific courses, a high percentage of
which necessarily will have to be taken outside the major depart
ment. The graduate student should have ample opportunity to
specialize further through course electives. Students (on a parttime basis) should participate in research activities from the
beginning, with concrete projects relating technology, humanities
and science to problem solving in lower cost housing. They would
contribute to multidisciplinary team approaches in problem defini
tion and analysis, in formulating alternate solutions, in developing
test criteria and testing models, and in implementating solutions
with continuous feedback and evaluation mechanisms. Mere lecture
courses should be kept to a minimum in favor of task-oriented
seminars. This would encourage the student toward self-study and
developing attitudes of actively inquiring instead of passively
absorbing. Seminars may be considered in: systems analysis,
cost-benefit analysis, research techniques, design methods, in
dustrialized building, economics, housing sociology, urban anthro
pology, ecology, financing, management, materials, construction
techniques and history of lower cost housing with critical analysis
of selected case studies.
Great care should be given to the proper selection of research
projects. Pilot demonstration projects should be conducted with
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the active participation of local populations to take advantage of
their resources and expertise. Academic credit and supervision
for off-campus work and study (professional internship) seems to
be essential.
As the program should be career oriented, it should be appro
priately identified and labeled with a degree. It could in addition
offer continuing education services in the form of seminars and
short courses. It could provide possibilities for advanced studies
for educators, practitioners or researchers on leave of absence
from their organizations. It should be concerned with the produc
tion and dissemination of educational material (printed and audio
visual) and may even consider the publication of a periodical. The
program should further actively pursue the cooperation with insti
tutes in developing countries.
Research should concentrate on areas of greatest need, e . g . ,
low -rise, medium and high-density housing in the urban as well as
the rural small-town context; integration of public services,
utilities and community facilities; flexibility studies; urban habilitation of squatments; building technology utilizing local resources
and idle manpower (17); criteria for optimal use of valuable external
aid and technical assistance; the role of private industry in the
mass production of cost-reducing prefabricated components; eval
uation criteria for lower cost housing projects; basic design guide
lines (Figure 3) (18); land use policy; environmental sanitation (19);
technical innovations (like solar heating, sanitary equipment, roofs);
development of community self-help programs, short and longrange; training and instruction in building techniques; etc. The
possibilities for intelligent contribution are innumerable.

Fig. 3. Example o f a matrix recommending basic functional space relationships of
domestic activities in low-rise, low-cost housing. Each cell com m on to any two
entities denotes imperatively die locational proximity between two activity
areas and the determining reason for it. ( 1 8 )

A basic orientation, responsible administrative decisions and
the careful determination of objectives may initiate many different
programs. They should, however, be subject to continuous critical
evaluation and renewal in order to become fully effective. The
world demand for lower-cost housing is unprecedented. Unprece
dented efforts will be required to make any significant progress.
Large projects, complex by nature, are necessary to ameliorate
the need. Public money will be involved and failures can not be
risked. Individuals are needed not with an idealistic orientation

but with com petency in decision making, individuals who under
stand the com plex relationships of constraints on m ass housing
construction, individuals who are determined to act. If slums
and their present growth are not eliminated in the near future, by
the year 2000 one billion people will live in them. Responsibility
for future development is not the university’ s alone, but establish
ing m ulti-disciplinary program s of graduate studies in low er-cost
housing research now is certainly not beyond their capabilities.
In but a few y ears such program s could provide badly needed
experts who could deal with mass housing construction under con
ditions so distinctively different from those in our industrialized
societies. Rhetorical gestures in the field of serious social
relevance alone w ill not help.
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ECONOMICAL HOUSING THROUGH THE USE OF EXTRUDED PLASTIC BUILDING PROFILES
by
George E. Meyers*

For the past 20 years, the use of rigid plastics in building
profiles has grown extremely rapidly for use in the area of low
cost modular housing. Much of the work and in fact, I would say,
a major portion of the development of rigid PVC extruded profiles,
was originated in Europe. Modular housing in itself was devel
oped largely through European technology because of the need for
quick, mass produced, low cost housing after World War n .
Germany, Italy, and to a lesser degree, France and the Benelux
countries, are all producing and using vast quantities of rigid
PVC profiles in various aspects of housing. I would like to state,
initially, that I hope the United States never has the incentive that
the European nations did to develop new methods of producing
building products. After World War II, Europe had lost almost
40% of private housing, and 60% of their industrial manufacturing
capacity. In restoring housing and manufacturing capacity, new
methods of construction had to be developed along with new ma
terials and methods of fabricating these materials. Inasmuch as
rigid PVC had been used since the 1930’s, this was the logical
m aterial to fall back on as a general purpose building products
source.

My studies during the past 20 years have shown that European
technology has advanced much faster than U.S. technology in this
area. During the past 5 years the U .S. plastics industry has been
attempting to move ahead in the field of PVC extrusion and today
many new roads have been made. PVC siding is probably the ma
jo r single use o f this material for the general purpose home and v
modular housing market, excluding rigid PVC pipe. Other uses
now include baseboard moldings, PVC storm and prime windows,
extruded panel board trim and moldings and interior wall paneling.
The modular industry is now looking at, and developing, many new
uses for rigid PVC extrusions such as electrical raceways, com 
plete hollow interlocking wall sections, PVC core doors, baseboard
moldings which may be used as conduit for electrical, telephone
and other conductive wiring. The field for extruded profiles is
virtually unlimited and one of the newer items now in the develop
ment stage is a series of hollow sections 2" x 10", 3" x 12", and
2" x 8" . These sections will be extruded with a tongue-in-groove
design so that they can be slipped into one another and used to
construct load-bearing w alls.

^President, Extrudyne, Inc. An Alco Standard Corporate Partner.
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One of the reasons for the comparatively slow growth of ex
truded rigid PVC profiles in the market here in the U.S. has been
the lack of rigid PVC extrusion technology, and also the fantastic
amount of “ old wives tales” that sprang up amongst custom ex
truders regarding rigid PVC. Even today, the average custom
extrusion house w ill not entertain orders for rigid PVC profiles.
Many misconceptions still exist: that the material degrades easily;
chrome plated screw s, dies and accessory equipment are a must;
and that there is a constant danger of exposure to chlorine. Almost
all of these misconceptions can be dism issed easily with the state
ment that they are completely untrue if the equipment being used
by the processor has been designed specifically for use with PVC.
It is absolutely amazing to visit building shows and plastics
expositions in foreign countries and see the tremendous uses to
which extruded rigid PVC profiles are put. I venture to guess that
m ost of the “ under-developed countries” today are further ahead
with their uses of PVC profiles than is the U .S. I have seen many
intricate building systems composed of rigid PVC utilizing com
plete hollow wall sections with interlocking corners and accessory
strips, all of which are utilized to construct a complete fabricated
building.
Of course, the use of rigid PVC pipe for drain, waste and
vent systems, as well as for pressurized water systems and e lec
trical conduit is now increasing here in the United States at a
tremendous rate. The art of extruding rigid PVC is gradually
being turned into a science. It is this single fact that should ac
count for an extremely rapid growth of the use of this material
within the next few years.
We are now in the midst of a great housing shortage which
threatens to worsen rapidly. The modular housing industry,
which is now in its infancy, presents a fabulous potential market
for rigid PVC extrusions. Of course, the major product to be
extruded and used by the modular home market w ill be siding,
next will come such items as gutters and down spouts, complete
window and door fram es, sliding windows complete with sliding
sash systems, hollow baseboard moldings, hollow core wall sec
tions for non-load building interior partitions, rigid wall coverings
and extruded sections for use as furniture and interior furnishings
such as shelving.
Intricate profiles such as mentioned above and illustrated
here today are currently in use in such far off places as Greece,
Israel, South Africa and many of the sm aller countries of South
A m erica. If we here in the U .S. will only open our minds and
accept some of the newer methods of extrusion technology, and at
the same time adapt items produced overseas to our methods of
assembly and production, it is my feeling that the use of extruded
building profiles will see an enormous growth within a very short
period of time.

I predict that the rigid PVC and other rigid thermo plastic
compound producers, together with manufacturers of extrusion
equipment, w ill form alliances and possible even set up training
schools in order that “ inplant production” can be made econom 
ically feasible. I am sure that within a short time we w ill see
sections as large as 2 and 3 feet wide, and possibly 2 to 3 inches
thick, hollow and with tongue and groove ends, being extruded
here in the U .S. Already systems for the extrusion of expanded
rigid PVC foam to produce “ synthetic wood” have been developed
and are now for sale to manufacturers of homes and building com 
ponents in order to produce all of the various types of interior
moldings and trim s now used by the industry in wood. The devel
opment of new rigid PVC extrusion technology along with complete
automated extrusion systems w ill enable builders of mass low cost
housing to extrude various profiles right on the site. Equipment
has been developed which can be run by comparatively unskilled
help thereby not only opening job areas, but also allowing produc
tion at a comparatively low labor cost.

I am sure that within a very short time we shall see the major
resin producers offering many colors which will be recommended
for exterior u se. I am sure that we shall see the housing industry
and the various building code departments accept rigid extruded
plastics for what they are, ie . a new building material.
It is my opinion that the use of rigid building profiles, pro
duced by automated extrusion system s, will grow extremely fast
during the next decade and w ill be a major factor in the construc
tion of low cost housing. These things will surely come to pass,
and I hope, quickly.
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ANALYSIS OF WOOD BASE M ATERIALS USED IN SMALL SINGLE FAM ILY DWELLINGS
PRODUCED BY THREE M ANUFACTURED HOUSING SYSTEMS
by
Kalevi Turkia* and John Haygreen**

faces while in other cases the wall panels consist of only studs
and sheathing.
The basic objective of our analysis was three fold. First, to
identify the major housing systems, and investigate the technical
requirements and selection criteria for wood-based material used
in such systems. Second, to analyze the design criteria of these
housing systems, clarify possible system dictated constraints,
and study the significance of such constraints on the use of
materials. And, third to develop indices indicative of material
consumption for the major systems.
It is evident that there are some unique differences between
the systems. A variety of constraints arise from these differences
which affect both the type and amount of wood-base materials used.
Let us consider some of these constraints in more detail.

INTRODUCTION
During the last four years there has been a rapid, almost
revolutionary, development in the manufactured housing industry.
In 1971 the number of manufactured housing units produced in the
U.S. was about equal to that of mobile homes. However, when
we take a closer look at the technological changes that have taken
place in this industry one must certainly talk about evolution rather
than revolution. It is only during the last few years that we have
seen examples of innovative building technology applied to wood
framed structures. Unfortunately, the innovative approaches have
too frequently proved themselves uneconomical, and thus we still
have a manufactured housing industry whose product is constructed
much like any conventionally built house. At any rate, there exists
today a distinguishable group of manufactured housing systems with
at least somewhat unique material requirements and character
istics.
We should define the basic systems discussed in this report.
The “ Manufactured Housing Industry” as discussed in this report
excludes mobile homes, as well as so called “ pre-cut” buildings.
The mobile home industry operates under its own code structure,
and is not generally subject to the same code requirements as are
permanent manufactured homes. Thus material requirements and
applications are often greatly different. The pre-cut system is
subject to essentially no design or material selection constraints,
which differ from on-site construction and incorporates very little
prefabrication. Our discussion concentrates on those industrial
ized housing systems which produce a code approved structure
where the in-plant labor component is relatively large. In such
systems the house package leaving the factory contains preassem
bled components, in varying degrees of completeness.
During 1971 we interviewed some 30 industrialized building
firms in the U.S. plus a number of governmental and industrial
institutions. We analyzed one detached single family dwelling
produced by these firms which had an average living area of
approximately 1,000 sq. ft. For the purpose of our study these
structures are comparable in room configuration and type.
We are presently comparing these structures produced in the
U.S. with similar units being manufactured in Scandinavia. A six
minute film of a manufactured housing operation in Finland will be
shown to illustrate differences and similarities between the indus
try and in the U.S. and Scandinavia.
The three primary housing systems analyzed were as follows:
1. Sectional System: The sectional system incorporates two
three-dimensional modules, each one usually being onehalf of the width and the full length of the house. Only
one field connection is required to connect the two volu
metric modules. The system is by far the most popular
modular system in the United States for single family
dwellings. It is derived from the mobile home industry
and in principle is similar to a mobile home “ double
wide” .
2. The Free-Design Modular System: This system incor
porates two or more volumetric modules with no design
constraints other than those imposed by transport and
erection.
3. The Panelized System: The Panelized System utilizes
factory assembled flat panels for walls, floors and roof.
In some cases a three-dimensional wet core accompanies
the two-dimensional panels.
The degree of prefabrication as well as exact conformance to
the system description varies somewhat between manufacturers.
The panelized system is particularly variable. In some cases the
panels are completely finished on exterior and/or interior sur

THE SECTIONAL SYSTEM
By definition the Sectional System incorporates two rectangular
modules. The width of the modules is limited by transportation
regulations to a maximum of 12’ -14’ , and thus the additional floor
space must be obtained by adding length to the structure. This
design constraint is rather severe, causing unduly high ratios of
exterior wall to unit living area in large homes. This also affects
negatively the heating and cooling costs. The width limitation of
approximately 28 feet means that this system is best suited to
relatively small homes, i . e . , less than perhaps 1200 square feet.
Floor systems usually are designed for the 12 to 14 foot span
although in some cases the joists parallel the long axis. The trans
port vehicle of the section is a steel frame sometimes with negative
camber. Many manufacturers find that the section must be stif
fened at critical points to withstand the transport induced racking
stresses which most frequently show up as cracks in interior wall
finish. There is extensive use of glue-nailed plywood sheathing
and also interior finish applied so as to provide the needed rigidity
to the structure. In the U .S ., softwood plywood is used almost
exclusively to provide the racking strength. Here the system
directly affects material selection favoring the use of board ma
terials on both interior and exterior. Gypsum board and interior
decorative hardwood plywood glue-nailed to studs is also some
times used to increase section rigidity. The location of the vapor
barrier can be a problem in this regard.
THE FREE DESIGN MODULAR SYSTEM
The users of free design modulars state that their systems
have considerably fewer design constraints than the sectional
system. However, it must be immediately admitted that trans
portation continues to be a limiting factor. Compared to sectionals,
the free modules tend to be more nearly square rather than rectan
gular. The firms interviewed utilized modules such as 12 x 12*
12’ x 16’ and 12’ x 32’ (max.). While large module size minimizes
field connections it adds to transport and erection problems. The
design is severely influenced by the construction methods used,
transportation mode and transportation distance as well as erection
method.
One of the firms interviewed utilized an advanced stressedskin structure with two component structural adhesive. This
system used plywood extensively in all components and cites as its
major advantages the simplified material selection and inventory
requirements, the relatively low total factory labor component due
to the use of sheet materials, and the high degree of prefabrication
possible due to small amount of transport and erection damage.
Structural elastomeric adhesives are commonly used on most sheet
to frame connections.
As in the sectional system the free modular system offers
only limited floor plan flexibility to customers. Plans areunost
frequently prepared by the manufacturers, and only minor changes
can be made by the customers. Changes in opening sizes, positions

*Wood Technologist, Puutalo, Helsinki, Finland
**Professor, Department of Forest Products, University of
Minnesota
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of bearing w alls, etc. would necessitate structural alterations and
are thus not practical. Some of the m ost innovative building
systems being proposed are of this type. These include structural
sandwich o r honeycomb structures, steel fram e structures and
concrete units. However, the actual com m ercial application of
such new m aterials to single fam ily dwelling is lim ited. The
firm s we studied utilized wood fram es and skins. The free design
modular system seem s better suited to multifamily dwellings than
to small single fam ily units.
THE PANELIZED SYSTEM
Panelization has relatively few system dictated constraints.
R egardless of the layout of the structure one can alm ost always
successfully panelize it. However, som e changes in the position
of windows, d o o r s , and walls may be n ecessary from the manu
facturing point o f view to construct a m ore balanced elem ent, and
enable m ore efficient use of standardized raw m aterial s iz e s .
The panelized system is used throughout the world in numerous
variations from sm all-sized 60 x 240 cm elements up to 1200 x 245
cm completely finished elements. The tendency is certainly toward
m ore and m ore finished components, which are handled by crane
in the factory and at the construction site. The flexibility of the
system is demonstrated by the fact that, for exam ple, in Finland
hundreds of custom designed houses are panelized, prefabricated
and shipped to Sweden and Germany. The project size s vary from
100-400 houses. Alterations in custom ers plans that need to be
made to enable m ore efficient factory manufacturing are generally
made without much difficulty with acceptance by the buyer.
In certain c a se s , handling of the heavy elements both in the
factory and during erection necessitates special consideration.
Needed stiffn ess, however, is obtained by proper fastening tech
nique and appropriate use of board m aterials, not necessarily
plywood. In Scandinavia nailed o r glue-nailed gypsum board and
3mm hardboard provide adequate stiffness for large siz e wall
elem ents, and no additional limitations are placed on the choice
o f the remaining materials by the system .
Some panel manufacturers have developed a wet three-dim en
sional c o re to accompany the units. This method concentrates all
heating, plumbing and principal electrical work in one module
which is manufactured by a sp ecific crew . The rest o f the elements
are thus sim plified, and m ore efficient production as well as
erection results. The wet co re can be standardized to the principal
house types offered by the company and thus even greater econom ies
are achieved.
MATERIAL REQUIREMENTS

Contract and was able to optimize m aterial to a greater extent
than if designing fo r existing building c o d e s.
Table 1 presents a summary of the amount of lumber, ply
wood and particleboard used in the houses analyzed. The figures
are expressed in term s o f board feet o f lumber or square feet of
plywood per square foot of gross floor area. Plywood figures are
based upon 3/8 inch thick and particleboard upon 3 /4 inch thick
m aterial. It is apparent that the manufactured homes require less
lumber but more plywood than conventionally built structures.
In Table 2 the use o f plywood and lumber in the three indus
trialized systems is compared to the consumption in the conven
tionally built house. The relative number of man hours per unit
is also shown. It must be pointed out that these figures were
obtained from only a few manufacturers representing each building
system . Therefore, any com parison between system s is heavily
biased by the efficiency o f the firm studied as well as the effects
of the system. We had hoped to gather information from enough
firm s to overcom e this problem but as yet have not been able to do
so. Our data on the free design modular system may be particularly
non-representative since one manufacturer we studied in this class
was using a very nonconventional all-plywood floor system.

TABLE 1
A vera ge Living A r e a s and W ood M aterial Use
In T h ose Single F a m ily D w ellings Studied
A verage
Living
A rea
(sq. f t . )

Consum ption
of F ram ing
L um ber
(b f/s q . ft.)

Consum ption
of Softwood
P lyw ood
.
(sq. ft. / s q . f t . )

Consumption
of P a rtic le 
board
(sq. ft. / sq. f t . )'

CONVENTIONAL

1100

6 .5 1 0

2. 890

0. 270

SECTION AL

1069

4 .4 7 5

4. 570

0. 028

MODULAR

1071

1.9 0 0

14.110

0

PA N E LIZE D

1116

4 .1 5 0

4. 890

0

SYSTEM

1 Sq. ft. o f m aterial per square fo o t o f flo o r area.

TABLE 2
Average Comparative Data on Material and Labor
Requirements of Conventional and Manufactured
Housing Systems

SYSTEM

In order to com pare the amount of wood-base m aterials used
per square foot o f house we developed a “ material efficiency
index” . This index is based upon typical use of material in a
conventionally built single family dwelling of 1100 sq . ft. This
structure was assigned an index value o f 1.000. The index is
simply an indication of the amount o f lumber and plywood used.
The purpose of the material efficiency index is to indicate
possible differences in the use pattern of external wall framing,
internal wall fram ing, floor fram ing, roof framing and structural
panel materials used fo r sheathing, siding and underlayment. The
computed index numbers are directly related to the total quantity
of wood m aterials used. A sm aller number indicates relative
saving in material usage.
The total material efficiency indices for the system s we ana
lyzed w ere as follow s:
Conventional site built house (basis)
1.000
1.000
The Sectional System
0.950
The Free Design Modular System
0.792
The Panelized System
0.919
The differences in the indices are relatively small although there
is clear evidence that all manufactured housing system s tend to
utilize m aterials m ore efficiently than conventionally built units.
Code restrictions may limit attempts at engineering optimization
of materials and hence the differences are not great. It should be
pointed out that one of the companies included in the fr e e design
modular data above operated under an Operation Breakthrough

Relative
Lumber
Consumption

CONVENTIONAL
BASIS

1.000

SECTIONAL
MODULAR
PANELIZED

Relative
Plywood
Consumption

Relative Total
Amt. of Direct
Labor Time

1.000

1.000

0.688

1.580

0.610

0.291

4. 890

0.435

0.636

1.695

0.440

SELECTION CRITERIA FOR WOOD-BASE MATERIALS
Each firm interviewed was asked a series of questions regard
ing how and why they selected and specified the types and grades of
lum ber, plywood, particleboard and other wood products which
they used. They w ere also asked for comments or problem s they
had experienced with these m aterials. We hoped to find if there
w ere any strength, appearance, durability, straightness, or sizing
requirements desired o r specified by manufactured housing firm s
which differed from the needs o f conventional builders.
The present state o f technology being used by manufactured
housing producers which we studied was essentially the same as
fo r conventional builders. F loors w ere designed as in most con
ventional homes based upon strength and deflection of joists acting
independently. Although glue-nailed subflooring was used this fact
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was not utilized in engineering the joist sizes or spacings. Single
panel floor construction of 2 x 8 joists and 5/8 plywood is commonly
used but 2 x 10’ s and 3 /4 inch plywood is also used by some firm s
over the 12 foot to 13 foot spans.
Structurally, the place where the manufactured house and the
conventional home differ the most is in the wall sheathing materials
and application. Insulation board or plywood nailed to studs is , of
cou rse, conventional wall construction but manufactured homes
w ill invariably use plywood sheathing nail-glued to studs. The
half-truss rafters are generally of 2 x 4 members. Single panel
wall construction (combination sheathing-siding) was not used
widely by the firm s studied. The reason seems to be the popular
ity of some of the hardboard type prefinished sidings which must
be applied over sheathing. The only place where 2 x 3 ’ s were
generally used rather than 2 x 4 ’s was in the middle common
walls of the sectionals.
Most firm s purchase their dimension lumber in grades and
sizes to exceed the code minimums. They tend to purchase a
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higher grade than required for strength because of reduced warp.
Three major concerns when purchasing lumber seem to be warp,
proper sizing and proper drying. Manufactured housing firm s are
m ore critical of these factors than many conventional builders.
A number of firm s expressed some dissatisfaction with warp and
size variability o f framing lumber but only one manufacturer we
visited was contemplating a shift to a steel floor framing system.
Particleboard was not being used by the firm s we visited
except as a counter top material. Unlike its wide use as decking
in mobile homes, particleboard as subflooring - underlayment
does not yet appear to have wide acceptance by industrialized
housing firm s.
In summary, we concluded that at this time the material
specifications and technical requirements of wood-base materials
used in manufactured housing do not differ from those in con
ventional housing. This situation however will change if the
industry begins to shift to m ore non-conventional structural
methods.
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PERFORMANCE/COST EVALUATION OF BUILDINGS - AN INFORMATION AID TO
DECISION MAKING
by
George S. Birrell*

that the Building Codes are “ incorporated” into actual buildings.
While only technological perform ance, costs and building
codes are presented here, the concept should and can be extrapo
lated to other necessary considerations in the design and use cycle
of buildings. All matrix core elements should be considered as
the information lowest common denominator (the “ what” criterion
of inbits in information theory) for all the processes and trans
formations required in that design and use cycle of buildings (2) (3).
(See Figure 1)

INTRODUCTION
To lower the cost of building housing it is important that its
performance is not reduced below the desirable level.
To achieve desirable performance and (lower) costs requires
that they be related, one to another.
This relationship should be available in the design phase of a
project because it is there that the building is crystalized.
The designer’s inputs, process and outputs are all in the form
of information and therefore the above relationship of performance
and cost should be couched in an information context. For maxi
mum use of that information it should be structured in the most
appropriate manner for its uses. This paper describes such an
information structure.
The function of the information tool is to aid the designers in
providing the appropriate Performance of the building at the most
feasible cost. It comprises an information structure which ration
ally divides buildings into subsystems and subfunctions, whose
matrix intersection elements are the locus at which detailed p er
formance and detailed cost can be related. Because Building
Codes have a constraining influence on building construction, p er
formance and cost, their correlation to the buildings will be in
cluded in the information structure.
ANALYTICAL CONSIDERATIONS OF BUILDINGS
Perform ance is considered as the technological performance
of the materials and components and is the degree to which they
satisfy the performance required of the building, e .g . water has
to be conducted efficiently from outside the building to the various
locations in the building where it is to be used. The materials and
components chosen to conduct the water must enable that perfor
mance to occur with minimum loss of efficiency.
The derivation of the need for each performance within each
user space (e .g . room) of the building is from the Users Needs
and for this paper is considered as being given.
Cost is being considered as the life cycle cost of the building,
(1) made up of (a) capital cost and (b) functioning cost i.e . main
tenance and operating costs over the life of the building. The
capital costs can be related directly to the detailed parts of the
building analysis, from the building construction p rocess. The
functioning costs often have to be allocated to these detailed parts
of the building from the functioning cost of each whole subsystem.
Some functioning costs have to be allocated from groups of sub
systems, whose maintenance and operating expenditures are de
rived from a single maintenance account source e .g . cleaning of
ceilings, walls and floors.
A further divisor required for analysis of buildings is Building
Codes. As they exist at present, they are a severe constraint on
a systematic approach to building design, construction and analysis.
This is because their information structure is one which has
evolved from the trade nature of the production process of buildings
rather than a systematic analysis of the end product of buildings.
The context of these existing Building Codes is directed at the
construction process as well as the performance of the end product.
Some of the draft proposed Building Codes continue this practice.
In evolving an information structure to aid design decision making
it is of advantage that its structure is compatible to the most
appropriate structure for Building Codes. To specify the required
safety values for buildings requires that they first be analyzed to
parts which can be individually specified.
In effect, it is more probable that the most appropriate infor
mation structure for Building Codes is that which is most suitable
to aid design decision making because it is in the design process
* A .R .I.C .S . , Dip. Mgmt. , Instructor, Department of Civil
Engineering University of Illinois, Urbana, 61801, U .S .A .
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Fig. 1. A ll Matrix Core Elements A s the “ W hat” Inbits to the Building Design and Use
Cycle

ANALYSIS OF BUILDINGS
In this building analysis matrices are formed by having the
various building subsystems on one axis and the possible types of
subfunctions on the other axis. Each intersection of subsystem
with subfunction will be called an element of the building. It is
most likely that in individual subsystems only certain subfunctions
will be operational e .g . in the Services subsystem of Sanitary
Fittings the only operational element will be Outlets.
Upon the elements which are operational can be traced the
incidence of information (perform ance, costs and code require
ments etc.) which are derived from each type of building e .g . a
one-story house with a hyperbolic paraboloid roof will have a vast
amount of information on R oofs, some information on External
Walls/NonStructural and none on External Walls/Structural. A
four story walk-up w ill have only a small amount of information on
Roofs and a great deal of information on External Walls/Structural
and Internal Walls/Structural.
This analysis of Buildings deals exclusively with Buildings and
does not include an analysis of Site works beyond the outer face of
buildings.
Buildings com prise three major groupings of subsystems,
which are
- 1 - the Fabric
-2 - the Services and
-3 - the Link.
Briefly, the difference between -1 - and -2 - the Fabric and the
Services and -3 - the Link is , that for two similar buildings on
different locations only the Link will be different i.e . it is the
Link between the usable spaces of the buildings and the Site. The
differences between the Fabric and the Services is that in principle,
they perform a different kind of function. The Fabric subsystems
provide a filter function between user spaces in the building and the
Services provide a conducting function between the user spaces
and the source of each service.

THE FABRIC SUBSYSTEMS (See Figure 2)
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Fig. 3. Services Analysis

THE LINK SUBSYSTEMS
The Link comprises aspects of the Fabric and Services which
constructionally are below the datum floor level at or near ground
level. Excavations and Foundations constitute other major groups
within the Link.
The elements so derived under Link Fabric are -1 - Link
Framework, - 2 - Link Structural -3 - Link Non Structural, -4 - Link
Openings (Access), -5 - Link Shafts, -6 - Link Floors, and -7- Link
Finishes (Supporting Work).
The elements under Link Services are derived from a matrix
analysis of all the Services Subsystems with the subfunctions of
Conducting Main Channels and Conducting Protection.
The subsystem of Excavations is divided into the elements of
Bulk Excavation and Trench Excavation. The subsystem of Foun
dations is divided into the elements of Basic Foundations, Raft
Foundations and Piling.
The division of the building into Link and NonLink Building is
an important one for use in performance analysis, construction
management, and cost analysis, thus affecting the structure of
analysis of the whole building.
The exact dividing line between -1 - and -2 - Fabric and Services
and -3 - the Link is the horizontal upper surface of the structural
floor of the datum floor level. In simple buildings the datum floor
level would be the floor at o r near ground level and in complex
buildings it tends to vary in horizontal level in different parts of
the building. The link will include the vertical construction between
these various horizontal levels. In skyscraper buildings the Link
is what is commonly known as “ the tank". In small buildings the
“ substructure” approximates equivalency to the Link.
It should be noted that all elements of the Surfaces group of
functions for the Floors subsystem at that datum level should be
included in the Fabric and not in the Link, as they form surfaces
to the user space above and the user functions therein.
All parts of the end product beyond the outer face of the build
ing will be considered as part of the Sitework for the whole project
(and thus beyond the scope o f this paper); the author has found else
where that a similar form o f analysis is appropriate.
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nection piping from watermains to sanitary fittings), -3 - Inter
mediate Containers (e .g . water cisterns) and (f) Protection (e.g.
protecting the subsystem from damage or as an aid to its function
e .g . protective insulation to heat pipes). Outlets comprise the
subfunction (g) Outlets for each of the Services subsystems (e.g.
a ceiling light fixture).

The subsystems which comprise the Fabric of the Buildings
are the physical barriers which segment the spaces o f the building
from the external natural conditions and segment the various in
dividual user desired spaces within the building. Such barriers
provide complex filters between these spaces.
The building subsystems in the Fabric are -1 - External Walls,
-2 - Internal Walls, -3 - Openings (Visual and A ccess), -4 - Shafts,
-5 - Floors, -6 - Ceilings and -7 - Roofs.
Each of such subsystems can be further analyzed into individ
ual subfunctions. Such subfunctions of Fabric subsystems are in
two major groups (A) the Core and (B) the Surfaces e .g . 2 in. x 4
in. studs, base and head plates are parts of the Core and insulation
board, plasterboard and shingles are parts of the Surfaces.
The Core group comprises (a) Framework, (b) Structural and
(c) Nonstructural subfunctions. The surfaces group comprises
(d) Finishes-Supporting Work, (e) Finishes-Surfaces and (f)
Finishes -Decorations.
These subfunctions are of the building and not of each sub
system; e.g . Structural refers to the building structure and not to
the subsystem strucutre. In the Surfaces group (d), (e) and (f)
could be lathing, plaster and paint respectively and may be in any
or all of the the External Walls, Internal Walls and Ceilings sub
systems.
The surfaces and their various subfunctions may be on one or
both sides of the subsystem and/or may be of different constitution
on each side.

__

Fig. 2. Fabric Analysis

THE SERVICES SUBSYSTEMS
The subsystems, which comprise the Services of the building,
conduct the various requisite services around the building from
their point of supply to their use locations in the user spaces of the
building or in the opposite direction depending on the nature of the
services.
The Services subsystems are -1 - Vertical Movement (i.e.
Elevators and Stairs), -2 - Air Conditioning (this includes the
conducting of it through the building), -3 - Power (e .g . electric
power required for motors at various locations in the building),
-4 - Light (the lighting outlets and their supply conductors), -5 Heat (the heat units and the supply of energy to them), -6 - Com
munications (e.g. phones) - 7 - Water, -8 - Sanitary Fittings, -9 Waste Removal and -10- Installed Equipment (e.g . special equip
ment for use in the building).
Each of the Services subsystems can be further analyzed into
individual subfunctions of each subsystem. There are three major
groups of subfunctions (A) Service Creation (if it is created within
the building), (B) Conducting (which is the major group of subfunc
tions in Services Subsystems) and (C) Outlets (the physical outlets
of each subsystem e .g . a ceiling light fixture). Service Creation
comprises the subfunction (a) Plant and Machinery for generation
of the service. Conducting comprises the subfunctions of (b) Con
ducting Machinery (e.g . pumps), (c) Conducting Main channels
(e.g. water mains), (d) Conducting Finishing Channels (e .g . con

TOTAL BUILDING ANALYSIS
One way to help achieve lower cost housing is to maximize the
use of the information available to the designer. An important in
gredient of this is the appropriate structure for that information.
The whole of the above analysis can be structured
-1 - as an hierarchy with Total Building at its apex and all the
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THE HIERARCHICAL INFORMATION STRUCTURE AND THE
DESIGN PROCESS’1'

elements at the base and (a) having the subsystems between
(See Figure 4) or (b) having the subfunctions between and
- 2 - as a matrix (combining the above three matrices together).
Each of these structures provides an aid to the design decision
maker. The designer’s task is to select materials and components
for each element which (a) fulfill the required perform ance, (b)
satisfy the appropriate Building Codes and (c) satisfy the design
budget for that element. To do so for each element on its own may
be difficult but that is comparatively simple compared to optimizing
all elem ents, one to another, over the whole building due to the
necessary com plex iterative trade offs.
By using the structured information analysis of buildings,
which exposes subsystems and subfunctions of the building, such
trade off processes and decisions can be tackled on a m ore rational
basis.
Within a single subsystem the performance and cost target can
be m ore easily achieved by adjusting the location perform ances and
costs between different subfunctions within that subsystem—e .g . to
provide adequate hot water at an outlet w ill entail the use of pipes,
but should insulation be put on the hot water pipes or should the
equivalent cost be used to provide outlet water heaters ? Having
the subsystem perform ance and cost broken down over its sub
functions enables the designer to more objectively appraise the
issues and make decisions.
Intersubsystem trade offs, between subfunction of one sub
system and all other subfunctions of all other subsystem s, can be
made in a rational step by step search pattern across the m atrices.
For example, if circular ceiling lighting outlets are desired as a
replacement to square ceiling lighting outlets, it is clear that the
origin of changes is in the element Light/Outlets. The available
types of circular ceiling light fixtures can be examined as to their
Perform ance and Cost, couplings and required Conducting Finish
ing Channels, any necessary changes in type and power of Conduc
ting Main Channels (electric lighting mains) etc.
The proposed change from square to circu lar fixtures will
affect the Ceilings Surfaces subfunctions of Decorations, Surfaces
and perhaps Supporting Work. If such changes, individually or in
unison are sufficiently radical, they may cause changes in other
subsystems of the Fabric e .g . Floor subsystems.
This enables the correlation of performance and cost subfunctions of both Fabric and Services subsystems, especially those
of Finishes and Outlets in the same user space in the building.
The major point is, that having a rational building analysis
information structure, such changes required in the user spaces of
the building can be traced step by step, reverberating over the
information structure just like the ripples caused by a stone being
thrown into a pond.

The input into the selection of materials and components se g 
ment of the design process will be a clear and full description of
each of the user spaces required in the building. The space su r
rounding the building can be treated sim ilarly. This description
of each user space will be grouped into (a) inherent conditions (i.e .)
the required atmospheric conditions e .g . heat range and velocity
of air change), (b) boundary conditions (i.e . the types of surfaces
required e .g . plaster and paint or wood lining), (c) dimensional
space requirements (i.e . the physical dimensions of the user
space e .g . length, width, height) and (d) the locational juxtaposition
of the user space relative to other user spaces (i.e . which user
spaces, having specific inherent and boundary conditions are
separated by specific walls and flo o r s ). From these are developed
the technological requirements of each subsystem of the building.

(4)
COSTS OF THE SUBSYSTEMS AND SUBFUNCTIONS***
The cost of each element of the matrices can be arrived at
from the quantities of materials, subcomponents etc. and the
consumption of resources in the construction process o f each
particular project.
The element o f the m atrices, i.e . the intersection of sub
system and subfunction is a definitive characteristic of work
activities on any construction process plan. (5) It answers the
question “ W hat?” regarding each work activity. Such work
activities for a project may be expressed in a bar chart, critical
path network, a line of balance plan, a cascaded matrix plan, etc.
or any other construction plan which rationally displays the con 
struction p rocess. Because the cost of the work can be related to
the work activities of the construction plan, the cost of each sub
function on each project can be obtained by adding up the costs of
the work activities which have that element as their “ what”
characteristic.
The costs of each individual function within each subsystem
can be added up to provide the cost of each subsystem. It follows
that by the upward flow of such cost summations through the
hierarchy that the total building direct cost is reached at the apex
of the hierarchy.
CONCLUSION
To achieve lower cost housing while not impairing its p erfor
mance requires m ore exact decisions by the designer on the
relationship of perform ance and cost of the building.
To enable the designer to make such a quality of decision
requires that his information be structured to help that decision
making process.
The building information structure described in this paper is
such a structure.
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Fig. 4. Total Building Hierarchy
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LOW ERING THE TR A N SP O R TA TIO N A N D ON SITE LABOUR COSTS - SOME PROPOSALS
by
I

raj E. Majzub, Dr. Arch.*

An average cost breakdown of prefabricated sectional homes
based on 20 sample units of 24* X 36’ (3 bedroom) delivered to
various sites within the province of Quebec (35 m iles to 630 miles
distance), was studied and compared to costs of other conventional
and industrially produced houses. (5) It was found that once these
houses reached the distributor and were eventually ready for sale
to the user, the initial factory cost increased between 50% and
250%, depending on the type and location of the development, the
land improvements, services, financing, and of course different
profit factors. Table A shows this gradual increase in 3 main
stages.
Although the processus o f marketing may vary in different
areas, the table with slight variations, should reflect the situation
everywhere.
There are three distinct cost areas in this table: the first is
costs which are dependent on the materials, labour, and method
ology of production, which can hardly be changed except through
optimization of management and better organisation of the factory,
direct purchasing, rapid turn over of materials, higher efficiency
of labour through incentives such as profit sharing, Standardization
and Modular Coordination etc. The second area is comprised of
costs which are out of the control of the producer and designer;
they require government intervention in controlling land specula
tion, profit margins of different agents or agencies, reduction and
stabilisation of the rate of interest, creating financing facilities,
providing stimulus to the industry, simplifying or unifying the
codes, etc. The third area includes costs which may be eliminated
or reduced through architectural research and studies as they
constitute the prerequisites of the “ System” used, and can vary
with the variation of the “ Hardware” , without having any or little
influence on the final utilization or quality of the space sold to the
user. They do not affect the so called “ software” .
Our research (6) at the school of architecture (Laval Univer
sity) was based mainly in studying this area, and particularly in
finding ways and means of reducing the costs of transportation and
the on-site labour costs, while taking into consideration all other
requisites of a housing system adaptable to the needs of a majority
of the people in low and medium income brackets. Table B shows
the increase in costs of transportation and the site labour cost,
taking into consideration the displacement cost of labour, as a
result of which the total installation costs make an exponential
curve above the 300 miles haul.
There has been much discussion on the advantages or disad
vantages of box systems compared to panel system s. It is not the
purpose of this paper to enter such a discussion, but only to eval
uate the two systems in the light of the above mentioned factors.
An average house built in panel system is composed of_16 to
30 sections including the mechanical sub-system s. On the aver
age 3 to 5 sem i-trailer travels are required for the delivery of
these components to the construction site (7); the. same house
built in the box system will require 1 to 2 travels. The erection
of the panel system would take between 70 and 160 man hours
while the box system will be installed in 20 to 40 man hours.
Except for the light panel system and some wooden sectional
houses, all systems require the use of some handling equipment
and cranes, especially when the system goes high-rise, in which
case there is not a large difference between costs of equipment in
various systems.
It has been suggested that the location of a prefabrication
plant should be at the center of a populated area and covering a
radius of 300 to 600 m iles. (8) It is evident that the cost of trans
portation of components and labour becomes of high incidence on
the total cost of the unit when carried this far, and takes monu
mental proportions when carried even further away, to reach the
less populated areas, where generally the poorer strata of society
live.

It is a well known fact that the problem of housing, today, is
one of the main factors in creating social unrest and that its neg
ative influence on the society is constantly increasing.
More than 180 million families in the world lack a simple
shelter, 2/3 of the w orld’s population has no piped water. Out of
91 developing countries 52 have a per capita annual income of less
than $100, 23 between $100 and $200, 16 between $200 and $300.
“ A supply of housing services at a reasonable cost is a factor of
great social importance. ” (1)
Approximately 180, 000 new people are added to the population
of the world every day; with the present rate of growth of the
w orld’s population and the lag existing between the large demand
and the small supply, this problem will take a very critical or
even tragic aspect before the end of this decade if something is
not done to improve its serious condition in a permanent and ef
fective way.
“ Only the developed techniques of production and organization,
adapted to the particular condition of the developing countries can
give rise to hope that a situation that continually worsens can be
effectively improved, by setting it in the framework of scientific
and technical progress of a world whose quantitative and qualita
tive needs grow unceasingly. ” (2)
In the light of the above considerations, the question of low
cost housing on its world wide scale will mean providing perma
nent accommodation responding to the basic needs of the great
majority of world’s low income population, which are:
a) permanent shelter against outside agents, and providing
privacy;
b) minimum of com fort and s e r v ic e s ;
c) good quality at low cost.
When we consider the prefabricated or industrialized building as
an answer to the problem of housing, we can include other desir
able requirements:
- Ease of erection and assembly (not requiring specialised
labour).
- Possibility of expansion when the need arises.
- Demountable or easily movable.
Each of these factors should be considered separately to ar
rive closer to the solution.
COST FACTORS
The reduction of cost, which is , and w ill remain one of the
most important problems of housing, is dependent on several
factors. It is necessary to bear in mind that a house is not a
single unit costing several thousand dollars but rather a sum of
several sub-units of a few hundred dollars each, or even, several
hundred parts each costing $10. Efforts should be made to bring
down costs of each of these sub-units without damaging the quality
of the house, instead o f eliminating parts or using low quality ma
terial and, therefore, creating substandard housing.
A breakdown of costs of a single family detached house, or
condominium housing (both in conventional and prefabricated hous
ing) shows that out of the total cost of production of a housing unit
an average of 45% is spent on the “ enclosure” of the house, 25%
on the mechanical services and 30% on the finishes. (3) If we
separate labour costs from gross material costs, approximately
40 to 50% of the factory production cost of the unit is spent on
gross materials. (3) The net material cost is less than half this
figure (4) or less than a quarter of the total cost of the construc
tion. Other elements make the other three-fourths. Unfortunately,
the tendency of the builders today is mostly to cut down on the
materials, creating substandard, low-quality housing instead of
looking at the other areas of cost for possible savings.

♦Professor, School of Architecture, Laval University.
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One of the ba sic reasons fo r establishing this radius has been
in fact the econom y of truck transportation, beyond which other
means of transportation, like the railroads becom e m ore econom
ica l (but most system s have not been designed to take advantage
of it).
On the other hand, if these considerations remain valid in the
m ore industrailized nations of the w orld which possess an efficient
network of roads and railways (within the United States, 85 per
cent of the population lives along the m ajor routeways), the prob
lem takes an entirely different outlook in the developing countries,
where because of the lack of such serv ices, the factor of trans
portation might w ell be the highest factor influencing the cost of
the factory-built housing. It is also unrealistic to assume that in
these countries prefabrication plants should cover a sm aller radius
market, as the urban geography of these countries is of a rural,
and therefore, scattered nature. M oreover the high initial invest
ment costs of such plants in these countries makes it econom ically
unfeasible.
It is also necessary to bear in mind that in all ca ses, it will
be unavoidable to exceed the 600 m iles radius, to reach the sm aller
populated areas, or to provide shelter to the disaster-stricken
places, to build em ergency housing, o r to answer the housing need
in the North, e tc . Burnham K elley explains the industry’ s reasons
for the adoption o f the 300 m iles radius, “ there are no overall
patterns of proximity to raw m a teria ls. . . Therefore, there is an
advantage to be c lo s e r to the m arket than the raw m a terials. . .
although house packages have been shipped as far as 1, 000 m iles
and beyond, the vast majority w ere not transported m ore than 300
m iles for reasons of c o s t . . . we might thus expect that prefabri
cators were serving local or regional markets rather than national
ones and that they were located close to where houses were erected

TABLE B
INCREASE IN INSTALLATION
COSTS OF TREFABRICATED HOUSE
RELATIVE TO DISTANCE.

$ :

COST

(9)
There is no doubt that this kind o f self-im posed limitation,
while valid for the small industry, becom es unacceptable when
the world wide problem s of prefabrication and housing are en
visaged. Today, the housing industry needs the large scale in
volvement of governments and private enterprise in creating high
volume production factories building housing units to be marketed
to all areas where such capabilities are lacking; we need a VW or
Fiat of the housing industry—and the transportation “ p roblem ”
should not hamper the industry from developing such an equivalent.
The question of transportation is not completely covered if
we do not deal with the factors of weight and volume. Heavy com
ponents require special handling equipment; they undergo different
stresses during the transportation resulting in cracking of walls
e t c . ; they require m ore site preparation and elimination of all
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vegetation close to the site ; are extremely difficult to place on
inclined terrain, etc. Altogether “ shipping costs limit the size
of the package. . . Big components are so expensive to handle that
less finished panels usually make more sense today.. . and tom or
row a still sm aller and less finished package may prove the most
practical of a ll” . (10)
Briefly our research showed the following points,
The lim it of 300 m iles transportation is a self imposed
limit which can hamper the development of industrialized
housing.
Low cost housing should be so developed that little or no
on-site labour is required for its erection.
Prefabricators should use the present day technology to
their advantage instead of continuing to build “ conventional
housing in a factory” .
Advanced transportation logistics should be adopted in the
service of prefabrication technology rather than custom
building services to answer the need of the “ System” .
New “ Prefabrication Systems” are required to utilize
the maximum potentialities of industrialization in creating
simple, versatile components.
On the basis of the above conclusions, and taking into consid
eration the minimum requirements of the low cost housing, a pro
gram of work was established and some architectural projects
were developed, two of which are presented in this paper.
CONTAINERIZATION
“ Today there are forces acting on carriers which w ill in r e l
atively brief time effect a much higher degree of coordination than
has been true in the past. The most important of these forces is
the growth in use of equipment that provides intermodal compati
bility” . (11)
“ The intermodal system of containerization, utilization of
freight commodities in standardized van-size cargo capsules which
can be interchanged between transportation modes with ease can
be cited as the prim e example of coordinated, automated trans
portation” . (12) Between 1960 and 1967, the inventory of con
tainers increased at an annual rate of 35%.
“ The enormous expenditures, now estimated at over $1
billion, made during the past few years, (in containerization)
particularly in the marine trade, are laying the ground work for
a world wide land-sea-air transportation complex the impact of
which is already being felt in all modes of transportation.. . ” (13)
It is the author’s belief that the housing industry should take
advantage of this already “ revolutionary” and coordinated system
of transport to expand its field of interest and to reach farther at
less cost.
Regular containers come in 4 different sizes, 8* wide X 8'
high by 10', 20’ , 30', or 40' long. Physical dimensions of a 20'
container unit were studied, and through the application of some
simple principles of kinetic architecture and close packing methods,
a “ System” was developed to contain all the elements form ing a
house 3 or 4 times larger than the initial volume of the container.
The system has enormous possiblities and our studies, which
are being continued, show that a variety of types of housing can be
made within the container system, practically adaptable to every
kind of need in the low cost housing market.
A sample model of a container conceived to answer the needs
of the North Am erican market, built in Balloon frame structure
and stress skin panels, has been produced to show one of the pos
sibilities of the system . (Figures 1 to 8). In this particular ex
ample, the complete bathroom and the fixed elements of the kitchen
are permanently installed on the two sides of a mechanical wall
which can carry the heating or air condition unit. There is also
enough room in the closed container to add kitchen equipments,
furniture, etc. The sample is aiming to show some o f the prin
ciples involved and not necessarily the method of fabrication, the
materials, or the treatment which could vary according to the
available resou rces, or the formation of the industry. The housing
containers can be installed in less than 3 hours, by two unskilled
men, with no need to any special tools or equipment. The con
tainers are stackable together (or on each other).

Schematic plans and section of Packed and opened container House

Because of the relatively small size of the exterior wall panels
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Fig. 1.

Fig. 4.

Fig. 2.

Fig. 5.

Fig. 3.

Fig. 6.
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Fig. 7. Interior views o f container

Fig. 9. Emergency type container housing 4 families

Fig. 8. Interior views of container

Fig. 10. Emergency type container housing 4 families

the owner can practically design his own house. The interior is
also completely flexible, as the opened container offers an open
space of 400 sq. ft. which can be arranged according to the u ser’s
need, with movable partition/closet walls.
Figures 9 to 12 show a much simpler application of the same
type of container which can be used for emergency purposes, in
disaster areas, or contingency housing. A sim ilar container can
house up to 4 families together, offering each 120 sq. ft. floor
area.
Furthermore, it would be worthwhile to note that although our
models show two 20' containers developed, w-e have studied the
development of other container sizes into housing and they proved
to be as advantageous; the 30’ container will create a 3-4 bed
room , 720 sq. ft. house; the 40' one creates a 4-5 bedroom 960
sq. ft. house and the 10' container a comfortable 1 bedroom ,
bachelor apt. or student housing.
One additional asset of these containers is that they are easily
demountable and transportable.
Of course the major advantage of the system would be in its
transportation economy which as shown in (Table C) not only is
cheaper on short distances because of the compactness and the
standardised size, it becomes extremely econom ical when trans
ported ov ersea s. (14)

Fig. 11. Emergency type container housing 4 families
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“ TROUGH” SYSTEM
The second p roject is also aiming at the optimization of trans
port, this time through introduction o f a new elem ent which makes
the flo o r s , walls and ceilings o f the housing unit, while being
stackable for transportation p u rposes.
The system is composed o f basically two elem ents, a “ trough”
made in the shape of an open “ U ” , 12* .0" wide and 4’ .6" high, and
a cro s s wall 12* wide - 9' high. The open angle on the “ trough”
allows stacking o f up to 8 sections together fo r the transportation
pu rposes. Two “ U” s superim posed create a living unit. (The
joint between “ troughs” being horizontal is easily sealed). These
living units could be stacked together in a checker board fashion,
creating a great econom y in space and avoiding repetition of w alls,
ceiling and flo o r . Vertical c r o s s w alls carry the loads so that
the “ U” sections rem ain standard as they are always supporting
standard loads.
One of the m ost interesting aspects of this system is that the
“ troughs” could be produced on a continuous rim, as an extrusion;
they can be moulded, poured, o r be built in stud wall Balloon fram 
ing e t c . , and cut to the size requ ired by the u ser. The 12’ width
is to comply with m ajor road restriction s, but narrower o r wider
sections can be produced on the same production line and trans
ported to the site without infringing the highway re strictio n s.
Another interesting aspect of the system is that the “ U ”
troughs can be sold unfinished in sm all sections to the u ser who
can complete the in teriors; they can be produced and sold in
finished condition, creating a variety of single fam ily houses
(Figures 13 to 18); can be super-im posed to produce m obile home
type housing, could be assem bled in checkerboard fashion to cre 
ate condominium s e t c . , giving a high degree of flexibility.
In conclusion, it should be noted that while in a panel system
3 to 5 trips are n ecessary for a ll the sections form ing a family
unit to be moved to the site, and in a box system the number is 1
to 2 trip s, in the proposed containerized system 2 to 3 housing
units can be transported in one trip and in the “ trough” system
up to 8 units can be transported in one trip creating 4 to 6 housing
units, resulting in high econom ies in transportation.
The combined savings resulting from the reduction of costs o f
transport and the on -site labour, (resulting from the sim plicity of
erection) will allow the Prefabrication Industry to reach the lower
incom e fam ilies while providing them good quality at low cost,
permanent and private shelter and the minimum of serv ices and
com fort plus offering flexibilities like personalization, add-on
possibility and demountability, therefore satisfying their basic

Fig 12 . Em ergency type container housing 4 families

TABLE C
COST COMPARISON CHART OF
TRANSPORTATION OF CONTAINERS. (1*)

PER CONTAINER

6- Asrabl«7
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Fig. 14. Trough System components

Fig. 13. Trough System components

Fig. 15. Trough System components
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Fig. 16. Trough system, Three possible compositions.

Fig. 17. Trough system, Three possible compositions.

Fig. 18. Trough system, Three possible compositions.
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SYSTEM APPROACH TO ANALYSIS OF HOUSING CONSTRUCTION COSTS
by
Shlomo Peer, Dr.-lng., C.E.*

INTRODUCTION
While other industries, spurred by international competition,
were forced to seek new methods and technologies ensuring a
reduced cost for their products, the building industry - with its
captive home markets, and lacking the regulatory mechanism of
natural selection - has been able to adhere to its traditional methods
for decades, passing on the price of its shortcomings to its con
sumers, In fact, no systematic attempt was made by it to study
its production costs until after the Second World War, when the
widening gap between the demand for construction volume (especially
in housing) on the one hand, and the limited available production
capacity on the other, compelled governments in many countries to
intervene. A steadily growing amount of research has since been
devoted to the construction process as a whole and to the methods
employed.
Actually, although the need to increase the industry’s capacity
(subject to the limitations of the available labor force) is a more
immediate factor than the desire to reduce costs, the importance
of the economic aspect is fully recognized today: it is a vital
question for the efficiency-conscious contractor - and even more
so for the national economy as a whole. Consequently, cost analysis
is gaining in scope, and with it, the importance of applying and de
veloping appropriate study methodologies. Earlier attempts to
compare construction costs at national and international levels (1)
(2) have indicated the fundamental difficulties inherent in it, and the
scarcity of available cost information in most countries.
As the cost differences between construction methods are
relatively small, the commonly used statistical analysis and unitcost analysis have proved incapable of providing reliable results.
A systematic approach is, therefore, proposed in this paper.
LIMITATIONS OF STATISTICAL AND UNIT-COST ANALYSIS
Statistical analysis is usually based on price data: amounts
paid by owners are readily identifiable and can be compiled with
relative ease. Its main shortcoming is that its results are only
valid for the sample in question. Moreover, building projects
differ so widely to a large number of parameters simultaneously
(size, topography, design, working conditions and organization,
market prices, e tc.), that even with suitable constraints on the
choice of its composition, a homogeneous sample is virtually im
possible. In these circumstances, results obtained by statistioal
analysis, in investigating the economics of construction methods or
effect of design parameters, can be very misleading. The influence
of other random sources of variability can be more decisive than
that of the parameter studied. It can throw some light on major
trends over time, or on general regional differences within a
country. Any attempt, however, to ascribe a more specific
validity to results obtained by this analysis requires producing an
adequate justification.
The effect of random price fluctuations is partly obviated in
unit-cost analysis. In it, quantities for the Various building
elements are calculated from plans and specifications, with a unit
value (obtainable as the average of actual tender prices, or from
a detailed calculation of the resources involved) assigned to each
element. The total cost or price is the sum of the products of the
quantities and their relative unit costs.
This unit-cost approach enables designing a number of plans
where only one parameter is being changed. Such studies have
been conducted in many countries to determine the influence of
various design parameters on costs, so that guidance could be
provided for decision making during design stages. The main
parameters studied can be summarized in the following categories:
♦Head, Department of Construction Management and Economics,
Building Research Station, Technion, Israel Institute of Tech
nology, Haifa.
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(a) Town-planning parameters, e .g . density, layout etc.
(b) Geometric parameters, e.g. number of storeys, storey
height, front/depth ratio, etc.
(c) Structural parameters, e.g. alternative solutions for the
substructure and other elements.
In traditional construction, where costs are approximately
proportional to quantities, the analysis yields reliable indications
regarding the sought influence. The use of calculated unit costs
has the advantage of providing a breakdown of the costs in their
components. It is, however, necessarily based on preliminary
assumptions, making unit-costs obtained dependent on the esti
mator’s intuition and experience. In investigating traditional con
struction methods, the influence of this probable error of estimate
may be insignificant, since the relative rather than the absolute
cost difference is of importance.
Difficulties arise, however, in trying to apply this technique
to industrialized methods, and especially to a comparison of dif
ferent methods. If the studied parameter is, for example, floor
area or front/length ratio, the size/cost function for prefabricated
panels must necessarily be determined first, and the use of a
fixed unit-cost per sq. ft. of panel is bound to lead to erroneous
conclusions.
SYSTEM APPROACH
In addition to the quantity-dependent items, the erection cost
of a project includes also time-dependent ones and items that are
fixed for the whole project or part of it. Accordingly, the unitcosts depend not only on market conditions, but also on the relation
ship between these cost categories and the basis chosen for allo
cating the indirect costs. This relationship may vary significantly
for different construction methods and is moreover influenced by
the size of the project, the pace of progress, the annual output of
the prefabrication plant, etc. In these circumstances, no com 
ponent can be considered separately, but the construction process
must be analyzed as a single entity, and a production function for
mulated for it, before a comparison can be attempted. Definition
of the mutual relationships between the essential cost components
of the production process in a model enables analysis of results
obtained to consequences of variations in some basic assumptions
or for the effect of individual parameters. Since cost differences
between the various methods are relatively small, a sensitivity
analysis is an essential part of any meaningful cost comparison.
Such a model of the total erection cost for a construction
method should comprise the following cost components:
C = CLd + CLl + CM + Cj + Cx + Cq + Cq
where

CLd = direct labor
CLl = indirect labor
Cjfl = materials
Cj

= investment

Ct

= transportation

Cq

= general production

n

O = overhead

The direct-labor item represents all man-hours spent on a
project (on site and at the plant) which are directly proportional to
the quantities produced. Thus, man-hours expended in developing
or modifying a construction method must not be included here, but
form part of the initial investment.
Determination of direct labor input is the most difficult part
of a cost comparison and requires the main effort. It can be ob
tained from contractor’s records, by estimate or by site obser
vations. Experience has shown that results derived from historical
records or estimate are of very limited value. Even in projects of

the same type realized by the same contractor, actual man-hour
inputs vary widely—owing to dissimilarities in organization, in
recourse to wage incentives, in the individual skill and motivation
of the operators, etc.; where differences in design and topography
prevail, reliance on past data is even more questionable. As for
estimates, the probable error involved may be decisive for the
conclusions, especially when different methods are compared. The
only feasible way to eliminate these distorting influences is, there
fore, to compile all data on labor demand with the aid of detailed
work studies, all results being referred to normal time. This
enables all methods to be brought to a common denominator. In
the building industry, where despite industrialization labor cost
remains a dominant factor, an error in this item influences criti
cally the results obtained.
As methods differ considerably in relative demand for skilled
and unskilled personnel, the two categories must be dealt with
separately on the basis of appropriate wage averages. It should
be considered that the plant average is usually lower than its
building-site counterpart for the same skill.
Allowance should also be made for the lower level of p ro
ductivity in the initial and final stages of construction. This part
of the labor costs should be regarded as fixed cost for a project,
and may differ substantially between methods. Knowledge on this
factor is , however, still regrettably scarce. Finally, when
special emphasis is devoted to comparing labor demand of different
methods, the interchangeability between labor, material and capital
should be realized. The contractor often has a choice between
producing and purchasing specific prefabricated elements, (such as
stair flights) as well as an option to substitute mechanized process
es for manual work.
The indirect-labor item comprises the wages for supervision,
administration, inspection, operation of machines and maintenance,
at both the building site and the plant. It is frequently overlooked
that the manpower required for these operations varies widely
between methods. A detailed analysis of indirect labor is , there
fore, indispensable.
As indirect labor cost is time-dependent, and the construction
method affects building time considerably, its determination must
be preceded by time scheduling.
The materials item involves no special problems.
The investment item includes amortization and interest on the
capital for setting up the plant and developing the p rocess, and the
costs of repair and maintenance. The main difficulty here lies in
the uncertainty in estimating the economic life of the assets and
their maintenance costs. For defining investment cost per unit of
production, assumptions have also to be made on the expected annual
output of a method. Time loss involved in change-overs from one
project to another, as well as other external factors, seldom enable
operation at optimal output. The sensitivity of the method to changes
in the production rate depends on the initial investment.
As the transportation costs of prefabricated elements from
plant to site depend both on the degree of mechanization and on
distance, these costs should be included in the model as an inde
pendent item.
All other costs directly assignable to a specific project
(erection and dismantling of the site plant, temporary roads,
power and water supply and consumption, etc.) are included in
general production costs.
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Finally, the overhead cost includes all contractor’s expenses
incurred outside the site or plant. It is mainly affected by the
annual output.
For long-term decisions, especially on the national level, the
cost in use over the whole life of the building may be not less im
portant than the initial construction cost. This would require in
clusion in the model of an additional item for repair and mainten
ance cost. Particular design features (such as appearance)
which do not lend themselves to direct costing, may be included as
well, provided that a quantitative value is assigned to it.
Cost studies are conducted to assist in decision making by
providing reliable information on various factors affecting cost.
It is not likely to expect that any methodology can avoid some dis
crepancy between analysis and practice, as long as some assump
tions have to be made. A system approach, however, taking into
account the interrelationship between various cost items, can
reduce this error to an insignificant minimum, while the sensitivity
analysis on the model permits examination of the effect of modified
assumptions. It was successfully applied in comparing four lowercost housing construction methods, with different degrees of
mechanization used at present in Israel. (3)

CONCLUSION
The need for fuller and better information on the economics of
different housing construction methods is universally recognized
today. Consequently, cost analysis is gaining in scope, and with
it, the importance of developing and applying appropriate study
methodologies.
As cost differences between the methods are relatively small,
the statistical- and unit-cost approaches fail to yield reliable
results, and a system approach is recommended accordingly. This
necessitates a model embodying the interrelationships of the timeand quantity-dependent cost components of the production process.
The direct-labor requirement is the most problematic of the latter,
and in view of its dominant character, work studies are called for
in evaluating it.
The proposed model lends itself also to sensitivity analysis,
permitting examination of the effect of modified assumptions regard
ing the cost parameters.
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INTERNATIO NAL PROGRAMS OF THE DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
by
Thomas R. Callaway, Director*

finally recognized as a priority area, Agency for International
Development (AID) programs were declining, and available resources
were heavily committed to existing priorities. (AID had by now
succeeded the ICA.)
The situation was not all bleak, however, during the late 50s,
some progress was made toward m ore comprehensive planning,
going beyond housing as such to infrastructure programs and basic
savings institutions. By 1960, the Development Loan Fund, the
Alliance fo r Progress and the Social Program s Trust Fund gave
housing and related activity a boost in Latin A m erica. The InterAmerican Development Bank, established in 1962, was allocated a
major responsibility in low cost housing in the same area, while
PL 480 funds, generated by the scale of excess agricultural p ro
ducts, provided modest funding for projects in other parts of the
world. HUD professionals formulated several projects of a
thousand o r more units utilizing these PL 480 funds on AID’S
behalf, and provided a broad range of assistance to the several
U .S. and multilateral bodies involved.
With the establishment of the Agency for International Develop
ment in 1961 came a rapid decline in technical assistance, and a
growing emphasis on the various loan mechanisms. One of the
loan vehicles which was implemented in the early 60s was the AID
Housing Investment Guaranty Program . With the goal of attracting
private capital and developers to the less developed areas in the
hope of introducing innovation and large scale production on a
pilot basis, the program was initially limited to Latin Am erica,
but was later extended to A frica and the Far East. To service this
program for AID, a separate, specialized international operation
was begun within the Federal Housing Administration, a compon
ent of HHFA, in 1963. After processing some 100 cases, the FHA
International Office was phased out in 1969, and the present Office
of International Affairs now represents the total international
interests of the Department.
Throughout the period of the late 40s to 1965, when the Depart
ment of Housing and Urban Development was made a Cabinet post,
HHFA continued its support to the foreign assistance program,
mainly through the bilateral ICA/AID agencies, but also through
the several multilateral organizations, it had played a role in
creating. To support this effort, documentation under an Infor
mation and Methods Exchange s e r ie s , and numerous special reports
covered such subjects as aided self-help, housing surveys, market
analysis, cooperatives, savings and loan institutions, planning,
standards, prefabrication etc. , and architects, planners, engineers
and economists from the domestic as well as international programs
were called upon with increasing frequency for short term assign
ments.
Geographically, technical assistance activity was concentrated
in Latin Am erica, with A frica second, and with other adeas r e 
ceiving modest and somewhat sporadic attention except for major
efforts in such areas as Korea.

The first of what might be termed a meaningful role in inter
national urban development for the United States Government began
with the end of World War II in Europe. That continent began to
shrug the dust and rubble from its shoulders and undertook the job
of reconstruction with heavy involvement and assistance from the
United States. At the same tim e, renewed and more persistent
rumblings of independence began to be heard from th ree-score
nations whose colonial ties were temporarily strengthened, but
over the long term irrevocably weakened, by involvement in the
war and exposure to another world.
At the end of the war in Europe, the U .S. changed its flow of
weapons to building m aterials, tanks to bulldozers, and helmets to
T-square and slide rule for a colossal reconstruction effort, which
became known as the Marshall Plan. In the housing field, this
1944 effort was largely carried out and coordinated by a newly
form ed international office of the National Housing Agency, one of
HUD’s predecessor agencies. By the end of the year, controls on
scarce export com m odities, bilateral exchanges with England,
France and Sweden, and the first technical assistance to less
developed countries in South Am erica, Caribbean, Africa and the
Far East were underway.
By the time the National Housing Agency was succeeded by the
Housing and Home Finance Agency in the late 40s, international
staff were well involved in United Nations activities, long term
field assignments, training of technical personnel, and a system 
atic exchange of documentation on housing and building technology
involving m ore than 60 countries.
The housing c ris is rapidly deepened, with millions of European
refugees returning “ hom e” to hopelessly overcrowded conditions,
and the first waves of movement from rural to urban areas were
beginning in the less developed world. Antiquated infrastructure
and a scarcity of both building materials and trained technicians
resulted in nations all over the world increasingly looking to the
U .S. for guidance. For nine years, until the Foreign Operations
Agency assumed administrative responsibility for housing assist
ance to less developed areas late in 1953, HUD’s predecessors
carried the responsibility for U .S. involvement in international
urban development, and were instrumental in establishing the new
housing efforts of the United Nations, the Organization of American
States, the cooperative movement, and in the establishment of
research stations, etc. By 1955 m ore than forty HHFA and ICA
(International Cooperation Administration - the su ccessor o f the
Foreign Operations Administration) technicians were abroad on
assignment, and a high point was reached in technical assistance
to less developed countries, with a corresponding decline in
emphasis on Europe’s recovery, which was now largely an accom 
plished fact.
During this period the major emphasis was on self-help,
creation of institutions, and evolution of national policies. Docu
mentation, training, and a general exchange of data covered a
broad variety of subjects, but concentrated on basic technology
such as stabilized earth, and simple methods of on-site “ prefab
rication. ”
The priorities for U.S. assistance to less developed countries
w ere by now well established as food production, health and
education, with staffing and investment levels in housing remaining
very modest by comparison. While on one hand the rising urban
c r is is was at least partially recognized, problems of survival,
coupled with agricultural and general econom ic productivity took
precedence, consistent with the traditional econom ist’ s evaluation
o f housing as a local consum er/non-productive item. In fact, this
attitude was to prevail until, by the middle 60s, when housing was

CHANGING EMPHASIS
With the shift from the reconstruction of Europe to assistance
to less developed countries, there was a reduction in the gathering
of data from abroad. International Affairs became essentially an
“ export only” organization, with most of its staff supported by
AID, and its major emphasis, on technical assistance to newly
emerging nations and to Latin Am erica. A major exception was
the active participation o f the U.S. in the housing, building and
planning activities of the UN Economic Commission for Europe
(ECE).
At the end of the 60s, the trend of activity was again reversed
with a surge of interest on the part of HUD and the industry at
large in developments in the advanced nations, who shared many of
our urban problem s. There was growing recognition that some of

♦Division of Technology and Documentation, Office of International
A ffairs, Department of Housing and Urban Development.
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the answers might well be available there. T his, of cou rse, was
the ca se , and a data flow began covering industrialized building,
urban and regional planning, new towns, and many of the questions
being raised within HUD.
Previously occupied principally in providing answers to the
questions of less advanced societies, and in directing technical
assistance to all manner of basic problem s related to rural urban
m igration, squatters and basic institutions abroad, the Office of
International Affairs was faced with the task of adjusting to and
serving the program needs of our own com plex society. This new
emphasis came at a time when the flow of general information had
becom e a flood. How to identify what was needed, how to select
from what was available, how to present selected material in a
usable manner, and yet keep material current w ere among the
many problem s which arose. We have only begun to develop some
of the answers.
Within the O ffice of International A ffa irs, an examination was
made of available international sou rces. U .S. industrial and pro
fessional groups and individuals were polled to determine needs,
and the dom estic operations of HUD w ere queried for priorities.
There was no need to generate interest, or to wait for demand.
At the sam e time that these preparations were taking place, a
deluge of questions, as various as they were num erous, rolled in
from persons and institutions who had long used international data —
or in many ca ses, were just becoming aware of the potential value
of foreign source information.
A new cataloging system based on key words was devised; new
types of publications w ere developed, and new and m ore effective
data exchange systems w ere explored. All of this had to be done
within the existing resources of a sm all staff, without neglecting
obligations to the Department of State, AID, growing support to
Peace C orps, and the serv ice of U .S. interests in the United
Nations and other international bodies.
BILATERAL EXCHANGE PROGRAM
The bilateral exchange program has becom e a m ajor com po
nent of HUD’s attempt to keep abreast of overseas developments
of potential value to dom estic program s. Over the years a large
number of informal arrangements brought in thousands of docu
ments and resulted in numerous consultations with foreign experts,
though this was sporadic in nature. The new program , however,
through formal exchanges between HUD and its counterparts abroad,
covers specific subject areas and involves document exchange,
expert team visits and consultation, cooperation in and exchange of
research , and opens the way fo r research p rojects of mutual
interest.
The first of these m ore form al exchanges began in 1967 under
a broad government -to-governm ent agreement designated as the
U .S./G erm an National R esources program . In the past two y ea rs,
this has been restructured as a Department to Ministry arrange
ment, and agency-to-agency agreements with Japan, Sweden, the
United Kingdom and Spain have been added, as well as a special
program with France.
Subject areas in these agreements include urban and regional
planning, housing technology, building technology, housing finance,
housing management, citizen participation, and policy and le g is
lation. Each program may be broadened to include other areas of
mutual concern. A recent example of the program ’ s “ spinoff” is
a project related to the role o f the Quantity Surveyor in Britain,
and his potential value in public housing program s in the U.S.
Another is the use in Operation BREAKTHROUGH of a Swedish
vacuum sealed refuse disposal system which transports refuse
from individual locations to a central collection point through a
system of conveyor tubes. A lso, under our Memorandum of Co
operation with the UK Ministry of the Environment, we are obtain
ing information on housing management which, though dating back
120 years in the UK, is a fairly new field in the United States.
At present the only permanent assignment of staff to the field
involves a HUD planner at the U.S. Embassy in P a ris. This Urban
Affairs O fficer is working with a French team on the design of an
experimental city at Le Vaudreuil, in Normandy, where pollution
w ill be controlled. What is learned will serve both new towns and
pollution control planning by HUD and other participating agencies.
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The data w ill also be made available to the U .S. housing industry.
The bilateral program must be expanded slowly and selectively
due to the very limited staff available. HUD’ s interest is in mature
and balanced cooperative program s of relevance to our own and our
partners’ dom estic problems — not a passing splash in the papers.
There is much that we can learn, som e that we can teach, and a
few areas which can be jointly explored.
As the agreements are between government entities, the
initial contacts and consultations are limited at this point to Federal
Government professionals and policy level officials. However, as
the program s develop, it is hoped that local government and private
industry representation from the U .S. and our exchange counter
parts may prove feasible and productive. It is p ossib le, for
example, that personnel exchanges may be expected between UK
housing authorities and one or m ore local housing authorities in
this country.
INFORMATION FLOW AND PUBLICATIONS
Both the bilateral and informal exchange generate large
numbers of documents on a broad range of subjects and in many
languages. The processin g of this m aterial, and making it avail
able to potential u sers demands a large percentage of available
staff time. This is time well spent; it is in large part of the
dom estic payoff.
As data is receiv ed, it is review ed for innovative value and
application to HUD and industry p riorities. The m aterial is cata
loged to make it retrievable for those doing research , and selected
items are prepared for publication, further review by outside
experts, o r for translation. A ccession s lists are distributed at
frequent intervals to make data available on a current b a sis.
A rticles of general interest, as w ell as notices of meetings,
announcements o f United Nations recruitment and other material
of current interest are published in the HUD International Infor
mation Series. The Series also serves on occasion as a vehicle
for resum es of in-house research , such as the five articles on
Housing Subsidy program s in several European countries published
during 1971.
For other general studies o f subjects of interest to both U.S.
and foreign audiences, HUD International BRIEFs have proven to
be most effective. Subjects range from an evaluation of Russian
industrialized building fo r dom estic use to a resumS of Operation
BREAKTHROUGH for overseas v isito rs . An extrem ely valuable
use of this series relates to the reports of U .S. team visits to our
bilateral counterparts. A recent example involves a study of
urban development in Japan.
While the m ajor emphasis on information flow covers domestic
needs, efforts continue in serv ice to less developed countries
covered by the Agency fo r International Development (AID), the
Peace Corps, and such multination groups as the UN and OAS.
For this purpose, the IME (Information and Methods Exchange
Series) has been broadened to meet current p r io r itie s, and covers
such areas as standards, cooperatives, planning, and the strength
ening of urban institutions.
As the IMEs tend to becom e m ore sophisticated to meet the
“ second generation” needs of m ore advanced LDCs, there is still
a great need for very basic “ how to ” information. To this end,
the HUD International Basic Technology Series covers such areas
as the use of a lev el, laying a b rick , and simple instructions on
how to mix m orta r.
While extremely modest in both staff and funds, the information
gathering, processing and publications program reaches many
thousands of u sers each year, both dom estically and abroad. For
example, circulation of the basic HUD International Series now
reaches approximately 8,000 u sers on a regular basis, while tens
of thousands of items are shipped each year to meet specific re
quests, and hundreds of letters are written answering questions
not covered by documentation.
PRESENT DIRECTION OF TECHNICAL ASSISTANCE
Technical assistance, provided by OIA professionals mostly
through AID, but also through P eace Corps, OAS and others, is
directed to a great variety of su b jects, including national urban
planning, the m aterials industry, management and aided self-help.

At present, however, a large proportion of the limited technical
assistance manpower available for AID support is utilized in three
types of program s.
A major priority involves the question of reconstruction
following a major disaster. In recent years, these have included
the earthquake in El Salvador, war reconstruction in the Dominican
Republic, flood reconstruction in Tunisia, and war reconstruction
in eastern Nigeria. Very recent efforts have been directed to
what was East Pakistan following major flooding and wind damage
in the Dacca region, and Peru for long term planning and recon
struction of earthquake affected areas.
In such disaster assignments, the professionals involved are
concerned not only with immediate problems of reconstruction,
but take every opportunity to promote pre-planning against future
needs. Such an example involved HUD with the experts of five
nations of Central Treaty Organization (CENTO) in the Near East
South Asia (NESA) area. A presently active program of this type
involves HUD, AID, the National Bureau of Standards and the U.S.
Geological Survey.
A second priority area involves Sites and Services - or the
basic urbanization of land for very low income families who would
normally become squatters or add to the density of existing
structures. Such sites and services programs are intended to
provide basic amenities such as roads and water adjacent to mini
mal building lots which can be serviced under some freehold
arrangements, with self-help construction of a dwelling. Appro
priate areas are also allocated for public services such as schools,
shopping e t c . , and may also include light industrial sites. Such
neighborhoods should tie into existing “ master plans” or natural
development patterns of existing communities, and promote up
grading of family shelter and community services through selfhelp as economic means improve.
A third project type involves the Housing Investment Guaranty
program (HIG) of AID, which channels private capital (mainly from
the Savings and Loan System) to investment in housing in less
developed areas. A guaranty similar to that of HUD’s FHA is p ro
vided by AID under a fee system , with contract organizations and
AID itself processing and monitoring the projects. Through the
collection of a small fee, the program functions without cost to
the U .S. taxpayer.
HUD’s role in this program has been dramatically reduced,
with its present activities relating only to advisory services to
U.S. businessmen and AID personnel, and limited participation in
feasibility studies as requested. Recent field visits have been
made to M orocco and Thailand. As noted earlier, the HIG p ro
gram is the major international housing program in term s of U.S.
capital invested.
Another type of technical assistance in the form of advisory
services and training is provided to Peace Corps volunteers. The

most notable example relates to the Ivory Coast, where HUD was
involved in long term field se rv ice s. A shift from AID to Peace
Corps took place som e four years ago. This program involves
rural village housing, planning, and surveying under a nationwide
program coordinated through the host country’s Ministry of Con
struction.
A unique program of technical assistance now evolving relates
to the Trust Territories of the P acific, under which modified
domestic program s, Peace Corps volunteers, and the several
building housing authorities of M icronesia will cooperate in im ple
menting programs fo r the islands administered by the U.S. on
behalf of the United Nations.
A further definition of technical assistance would also include
advisory services and consultation of international staff on domestic
program areas. These relate to the application of advanced country
data to domestic programs to reduce “ reinvention of the wheel. ”
On occasion it is also possible to identify types of programs or
concepts utilized in less developed areas which have value in a
domestic area. For example, evaluation of readjustable mortgage
systems and self-help organizational techniques have contributed
to domestic studies.

WHAT LIES AHEAD
The Office of International Affairs is principally a service
organization, but it has clear staff and operational requirements
as w ell. Its form and function reflect the needs of HUD and of
the other organizations it serves. As a pioneer in international
urban development on the part of the U.S. Government, the Office
has seen many new organizations formed over the years to tackle
various facets of the growing problems of urban growth. Many
dedicated people man these organizations, utilizing various skills
at tasks which were ill-defined in 1944. The fact of this conference,
and the wealth of knowledge and expertise represented is a measure
of the distance we have traveled in those 28 years.
As a people, we have just begun to realize the fact that most
of man’ s econom ic, social and political problems — and their
solutions — center on the nature and quality of urban life. Every
facet of development, whether agriculture, transportation, industry,
or the interplay of human differences affect this quality, and most
are in fact urban in character. Even national boundaries are swept
aside by rapid communications, and events around the world in
fluence everyday life in every community.
HUD International will continue to adapt to changing needs, to
provide needed services to organizations such as those repre
sented here, and to represent a thread of historic continuity in an
area of expanding international concern and action.
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THE PROCESS OF URBAN RENEWAL IN ENGLAND & WALES - A CASE STUDY: PORTSMOUTH
(BUCKLAND)
by

Michael Fagence, B.A., M .R.T.P.I.*

INTRODUCTION

(A) PERMANENT HOUSE
COMPLETIONS - /. L Authority

In England and Wales at the present time the increasing de
mand for housing is being met by new construction, the clearance
of obsolete stock and its replacement with new, and by refurbish
ment of both housing and environment in areas whose useful life
has not yet been exhausted. National government policies, munic
ipal government, professional and public preferences are such that
no consistent use of a renewal method can be perceived. In Ports
mouth, the problem of selecting the most appropriate renewal
method is aggravated by a number of national influences common
to most municipal housing authorities and a number of peculiar
local influences. The case study of Buckland traces the general
renewal procedures and the principal impacts upon and participants
in the plan and decision process.

(B) HOUSE CLEARANCES

THE CONTEXT OF HOUSING
Fig. 1.

The housing programme of England and Wales since 1945 has
failed to achieve what was hoped of it, and has been less remark
able than of many European nations because it has lacked a com
prehensive and logical philosophy. There were few exceptions
until the advent of the many social welfare reforms of the late
1940’s, to the widely held assumption that people were largely
responsible for housing themselves. Since 1945, however, the
gamut of social welfare has included the provision of low cost
housing for rent as a public service. This municipal responsibility,
largely assuming the role abdicated by private landlords because
of prolonged periods of economic disincentive, has fluctuated with
the ideological changes of consecutive national governments. In
spite of a substantially increased stock of satisfactory housing,
the lack of a coherent and consistent national policy and the many
unforeseen demographic and cultural changes have negated the
expected improvement to the demand - supply ratio.
Nineteenth century social reformers, attempting to meet the
expected urban demand for housing, directed most of their ener
gies to matters of public health and hygiene. As a result, early
housing legislation was primarily concerned with sanitary con
ditions. However, the ‘ Housing of the Working Classes Act, 1890’
conferred upon municipal authorities many powers similar to those
currently effective for slum clearance, compulsory acquisition of
unfit properties, and the provision of new housing. Sincd 1949,
when the expression ‘working classes’ was expunged from the
legislation, the housing code in Britain has facilitated redevelop
ment with new housing, and more recently the refurbishment of
existing housing and its environment.
The variable response of municipal authorities to the housing
code has reflected local conditions. For Portsmouth the demand
for housing has been accentuated by (a) the increasing obsolescence
of large areas of artizan housing in which 29, 000 houses are more
than fifty years old and of these about 40% are about one hundred
years old, (b) the legacy of about 6,000 seriously war damaged
houses, (c) the pressure of sub-regional growth and (d) the im
pact of the resident military forces. In response to the problem
the city council assumed the responsibility for major programmes
of house-building and area improvement in 1956. With that pro
gramme largely completed, a decision was taken in 1966 to under
take the wholesale clearance and redevelopment with municipal
housing the neighbourhood of Buckland.
The relative performance (1961-1970) of England and Wales
and Portsmouth in (a) permanent house completions (municipal
authority) and (b) house clearance is shown in Figure 1.

THE CHOICE: REDEVELOPMENT OR REHABILITATION
The choice between rehabilitation and redevelopment is often
difficult and fraught with complex interactions; rigorous and dis
passionate evaluation is virtually impossible. On notable occasions
in earlier periods fire has rendered renewal necessary and rede
velopment the only feasible procedure: three thousand years ago
it was Babylon and one thousand years later Nero’s Rome; in the
seventeenth century Wren and others planned for redevelopment
in the aftermath of London’s great fire; about one hundred years
ago it was Chicago’s turn. None of these cities apparently profited
from their opportunities.
It has become increasingly apparent that Britain cannot afford
the massive programmes of development and redevelopment orig
inally drawn without extending the time scales envisaged for their
completion. Should this be done it is probable the situation would
be overtaken by a revised standard for acceptable housing, and
the programme thereby increased in size, both in number and cost.
Diligent research is necessary to accurately assess the magnitude
of the problem, to review potentially more durable construction
techniques and more flexible land use planning solutions, and to
review the expenditure of capital resources and materials in the
techniques of improvement, restoration and maintenance of houses
and their immediate environment. Most often, urban renewal
takes one of two forms, wholesale clearance followed by compre
hensive redevelopment, or blanket rehabilitation. Independent
research by McKie (1971) and More (1971) has postulated a third
choice; “ cellular renewal” - rehabilitation, environmental im
provement and phased small-scale introduction of new housing.
The national situation has become quantitatively absurd. An
analysis of census data reveals that of the total housing stock
currently available (not necessarily ‘ suitable’) more than onequarter was built before 1881, about one-fifth between 1881 and
1921, and about one-quarter between 1921 and 1941. Apart from
the structural problems attendant with age many houses lack
essential facilities: about one-twentieth a w . c . , nearly one-fifth
a fixed bath, almost two-thirds a garage or parking space. In
addition, the residential environment is physically unsatisfactory
for almost one-half of the dwellings.
Stone (1964, 1968), at the National Institute of Economic and
Social Research, has calculated the cost of housing to meet all
the facets of the total demand for projected populations in the
range 65 to 85 million by 2004 to be more than £110,000 million.
(Table 1)

♦Senior Lecturer in Town Planning, Portsmouth Polytechnic,
England.
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TABLE 1: POTENTIAL NATIONAL COSTS OF HOUSING TO 2004

disrupted social ties and of owner-occupiers who become, not by
choice, municipal tenants; the technical problems of ensuring
£ Million (1964 Prices)
the structural suitability of the housing for the sixty-year pro
jected life ; the management problems of making optimum use of
New construction for numerical & )
40,000 )
structural population changes
)
)
the small building firm s, and of undertaking future renewal when
rehabilitated and new housing becomes obsolete almost simulta
Replacement of all but the best pre >
|
1881 Stock
'
' 70,000neously.
The problems are not mitigated by the legislative and political
Replacement of equivalent 1881-1921
)
framework within which renewal decisions are made. In Britain,
stock:
10,000 )
comprehensive residential redevelopment is the responsibility of
Replacement of equivalent 1921-1941
j
municipal government which is empowered to acquire land and to
stock:
20,000 '
rehouse displaced persons, and which is supported by appropriate
(14-25,000))
financial and professional resources. Rehabilitation requires a
partnership of municipal authority, owner-occupiers, tenants
Make good areas of maintenance)
38,000
and landlords; powers of compulsion are available if default of
Maintenance to 2004
j
any party would prejudice the environmental improvement. The
Addition of minimum (internal) amenities
1,250)
decision to renew or to develop anew may be determined, not by
rigorous economic and other scientific evaluation but by political
Addition of garages
3,OOoj
5,000
expediency - i.e . the method that attracts the maximum govern
Improvement to general environment
750)
ment grant. Jane Jacobs (1961) has the key: “ . . . . so many
tactics, so well entrenched, that when their purposes are ques
113,000
tioned they are generally justified in terms of the conditions laid
Source: based on Stone, P. A. ‘Housing Needs, Costs & Policies’
down by still other tactics (e.g. we must do this for the purpose
A, J. Technical Study October, 1968
of getting federal loan guarantees). ”
Rehabilitation normally costs less than redevelopment, due
in part to the absence of land acquisition, site clearance and
original structure costs. However, upon completion of the re
newal exercise the standard of accommodation is lower, the
durability of the structure less, and the general standard of
physical environment lower than for newly-built houses in com
prehensively designed and developed areas. The proliferation of
economic evaluations of rehabilitation and redevelopment projects
has done little to substantiate whether one or the other is the most
economically efficient. Jones (1967) considered the cost of pro
viding similar accommodation (a four-bedroom house) to prevail
ing acceptable standards, comparing modernisation of an existing
house with the construction of a new unit (Table 2).

THE DECISION: IMPACTS UPON THE PLAN
(Many of the issues considered by Kaplan (1963) in his study
of renewal in Newark, N.J. have been considered in these final
two sections to facilitate comparison of housing renewal in the
U.S. and Britain).
The initial goals for renewal in Portsmouth were called from
the professional experience of the public officials, the preferences
of the council members, the directives from DOE (Department of
the Environment) and from the local interpretation of all relevant
legislation, and included the aim to reduce the city’s stock of
obsolete housing by wholesale clearance and subsequent redevel
opment to comprehensive plans. In recent years increasing at
tention has been given to rehabilitation. In comparison with many
northern industrial cities such as Leeds, Liverpool and Newcastle
the standard of Portsmouth’s nineteenth century artizan housing
was fair. However, decisions were taken to embark upon large
phased programmes of redevelopment (1956, 1966) to include the
‘Green Line Area’ of which Buckland formed a significant pro
portion.
For simplicity four major impact areas upon the plan have
been differentiated (Figure 2) although it should be realised a
complex classification is necessitated to accommodate both the
range and the variety of interactions.

TABLE 2: COMPARATIVE COSTS OF REDEVELOPMENT
AND MODERNISATION
Redevelopment

Modernisation

Repair

NIL

780

Conversion

NIL

230
1010

2,600

Total for Structure
Heating

155

175

Fittings

148

305

Plumbing

32

180

Drainage

57

70

Wiring

60

160

Total for amenities
Total

IMPACTS

452

890

3,052

1,900

PARTICIPANTS

Source: based on Jones, F.M . and others “ The Long Term Impli
cations of Obsolescence in Housing” Housing Research Unit
Working Paper Liverpool School of Architecture, 1967
One of the more important criteria used to determine the
advance of a grant to improve a dwelling is the useful life that
will ensue. The cost differential between a new and a modernised
dwelling to a par standard depends on the age of the existing house
and the expected additional life. Assuming the cost of a new dwel
ling to be 100 units, to improve a dwelling to par standard for a
life of 40 years an expenditure of 96 units is required; for 30
years 91, for 20 years 79, and for 15 years 69 units.
The multiplicity of variables in the renewal equation render
indisputable evaluations improbable; the superficial and subjec
tive assessments prejudice rational consideration. Some variables
defy quantification. For example, the psycho-social problems of

Political Impacts
The impact of legislation, government circulars, Commission
Reports, etc. is considerable, for these set the framework with
in which many of the political, technical and professional decisions
are made. For housing the principal act is the Housing Act, 1957,
in addition to which some twenty other enactments of varying con
cern specifically to housing are operational.
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uals and the increasing experience of the municipal authorities
of the parameters of acceptability.
The HCY applicable to all municipal housing projects, is
proving to be a valuable tool of financial control but a frustrating
impediment to freedom in design of the total residential environ
ment. Yardstick tables, based on other published design stand
ards , indicate the cost limits acceptable to DOE for (a) the
superstructure, (b) the substructure and (c) external works.
All costs, appropriate to occupancies from one to six persons
per dwelling and to densities from less than 40 to more than 250
persons per acre are subject to tolerances related to geographic
location (up to 35% above published parameters). A degree of
flexibility, within published limits, is open to municipal author
ities in the option to submit a global yardstick calculated for a
large scheme (such as Buckland) in which construction consists
of more than two phases. The approval of the global yardstick
effectively precludes serious design or policy changes.
The council decision to insist on the provision of predom
inantly family-dwellings in the third and subsequent phases of
Buckland is indicative of the reintroduction of its policy to facili
tate the sale of such dwellings to interested sitting-tenants. Such
a policy has been pursued intermittently since 1954, occasionally
with national government support. The ethics of the operation
have not been seriously argued, but for the city the return conse
quent upon a sale is a more economically advantageous considera
tion than the perpetuation of subsidised rental, particularly where
the economic exceeds the levied rent by some 55%.

In preparation for redevelopment, clearance of property is
usually achieved by the exercise of powers under parts m (where
unfitness is the criterion) and V (for other land essential to render
the area capable of reasonable redevelopment) of the 1957 Act.
Specified procedures of inspection, consideration and interpreta
tion of the Act (1957) resolution to declare a ‘ Clearance Area’ ,
declaration and, if appropriate, confirmation by DOE are pre
paratory to clearance. Complications may ensue where not all
the properties in the area are unfit; provisions exist whereby
those detrimentally affected by environmental obsolescence may
be incorporated in the schedules. Where, as in Buckland, Hous
ing Act powers are inappropriate (e.g. for industrial premises)
other enabling legislation is available.
Official government reports, circulars and White Papers set
the operational context of redevelopment. Three influential doc
uments published during the 1960’s were the Parker Morris
Report (1961), the Buchanan Report (1963) and the 1968 White
Paper. The first of these drew attention to acceptable standards
of internal house environments and to the inter-relationship of
the internal and external residential environments; the second
introduced the concepts of environmentalism and pedestrianvehicle segregation in housing areas, both of which strongly in
fluenced the design of residential areas throughout the 196 0’s;
and the third, reflecting a national trend, advocated consideration
of house and environment rehabilitation as a serious alternative
to redevelopment.
Buckland was conceived as an area suitable for comprehensive
phased redevelopment following programmed clearance of some
3,000 obsolete residential properties. The original scheme for
the 83 acre site was redevelopment with municipal housing for
rent (subsidised) with more than 1800 dwellings of various kinds,
the plan having evidence of attention to the recommendations of
Parker Morris and Buchanan. The implementation of the plan
was to be phased over seven years from 1968, and incorporated
council-sponsored community projects such as an elementary
school, day nursery, health clinic, community centre, sites for
shops and ecclesiastical buildings. Various social welfare
schemes of the city council were affected. In spite of the in
herent cohesion of the programme a number of local politicians
have recently mooted rehabilitation for later phases; this ma
noeuvre represents the influence of the 1968 White Paper, the
1969 Housing Act and the resurrection of powers sought by the
city council in its own Corporation Act 1967.

Professional Impacts
In most housing schemes, it is the planning constraints that
largely determine the form of the development. Many of the plan
ning criteria for Buckland have been cited elsewhere in this paper;
they were drawn to achieve Ihe maximum level of repopulation
consistent with the achievement of satisfactory standards of resi
dential environment for the envisaged changed population structure
within the economic limitations imposed by HCY.
In addition to the professional impact of the government re
ports cited previously, the Buckland scheme was conceived in the
period during which Portsmouth and most other responsible cities
were becoming conscious of the role of citizen participation in the
planning process. A large public relations exercise was mounted
for Buckland, including the distribution of an informatory docu
ment to all affected parties, a public meeting, and facilities for
residents to be interviewed by council officials; concern over
rehousing and compensation implications of redevelopment have
been the most frequently encountered enquiries.
The social prejudices against high rise building were fortified
by the structural collapse of Ronan Point, (1968). This disaster
effectively strengthened the resolve of the politicians and the pro
fessional public officials to limit Buckland to medium rise devel
opment. The industrialised system of construction adopted for
phase I has attracted considerable attention, and has been the
subject of many enquiries and inspections by European structural
engineers and architects.
Land assembly powers available to municipal authorities en
gaged in slum clearance and redevelopment devolve from the
Housing Act 1957; where these are inoperable the general com
pulsory acquisition enactment (1946) or town and country planning
powers are applicable. It should be the intention in the drawing
of the compulsory purchase orders (CPO) to facilitate the assembly
of land in a single ownership in parcels of a size and shape suitable
for the purposes of the imminent phase of the comprehensive scheme.
Possibly for traditional reasons Portsmouth makes many CPOs to
implement a single phase of the scheme; for example, Buckland
m is dependent on the confirmation without modification of seven
separate small orders. Such procedures are potentially hazardous,
particularly if linked to the operation of a global HCY.
The discernible interaction of these four major impact areas
is indicative of the complexity of the redevelopment process.

Social Impacts
A stated goal for Buckland was the provision of familydwellings rather than the small accommodation units that dom
inated the preceding large-scale redevelopment scheme. The
expected household structure, based upon the advice of the Direc
tor of Housing was two-bed/4-person units (60%), three-bed/
5-person units (35%) and three-bed/ 7-person units (5%).
As with most schemes of redevelopment Buckland has en
countered the social problems associated with rehousing and the
dislocation of established community patterns. The scheme for
Buckland accommodated the expressed majority wish of the dis
placed residents for rehousing on Portsea Island, which inciden
tally carries an economic penalty because the council operates a
differential rent structure to the advantage of municipal housing
at an increasing distance from the city centre. In addition pro
spective residents needlessly expressed antipathy to the pre
dominantly high-rise/high density housing schemes elsewhere in
the city because the evolving design for Buckland accommodated
the concerted public, professional and political opinions which
rejected the high-rise philosophy in spite of the economic sacri
fice incurred by the loss of HCY credits.
Economic Impacts
National government has taken a persistently close interest
in the quantity, cost and quality of municipal housing. Super
vision is necessary because most municipal schemes need loan
sanction and subsidy, but the degree of Whitehall scrutiny has
lessened since the publication of design and cost yardstick man

THE PROCESS AND THE PARTICIPANTS
The process of renewal has become increasingly sophisticated,
particularly with the relatively recent introduction of management
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procedures and the greater scope given to participation by persons
and groups other than the council and its appointed officials. A
complex and inter-related pattern of exchanges between the various
participants is becoming possible, particularly as the public be
comes more educated and organised. For concise consideration,
the participant roles have been organised into six principal groups
(Figure 2).
The principal national government participants are the DOE
and Parliament, the first for its supervisory role and the second
for its generation of contributory legislation. Within the complex
structure of DOE the main contributors to decision-making and
plan implementation are the architects and quantity surveyors
responsible for assessing the suitability and feasibility of sub
mitted schemes (HCY assessments, etc), the health inspectorate
which assesses the suitability of the submitted CPOs for slum
clearance, and the planning inspectorate which considers the
planning and procedural aspects of the submitted schemes and
recommends a course of action to the political head of the Depart
ment.
Most technical and professional departments of municipal
government and most council committees become involved in the
consideration and implementation of redevelopment programmes.
Comparison between municipal authorities is difficult because of
the variations in departmental terminology and responsibilities;
however, the functions of housing management, public health,
planning and architecture, estate and finance management, public
service engineering and legal process are all vitally concerned.
In addition, the regional boards of the various statutory under
takers (gas, electricity, water, etc) are involved at many stages.
The most influential of the local politicians are the chairmen
of those committees most closely concerned with rehousing and
planning, and the elected representatives of the area concerned.
The general council membership and the local parliamentarian
have roles, the impact of which is dependent upon their response
to approaches made to them by their electorate.

in the degree of involvement encouraged or countenanced between
municipal authorities. The Buckland exercise in participation is
indicative of both the extent of involvement tolerated and required
by the majority of affected parties. Education of the public is
facilitated by the local press whose watchdog responsibilities on
the practice of government should be unprejudiced, but because
most planning and development activities, and particularly renew
al, have aspects which are exploitable, the record of events and
considerations is often structured more to expose than to inform.
The impact of the affected parties is heightened because of
the consultancy and advisory roles of local surveying and legal
practices, whose main functions and responsibilities are to secure
for their clients the most advantageous resolution of the problems
generated by the renewal programme, particularly in respect of
rehousing, payments for compensation and disturbance, etc.
The interaction of these six principal role-groups is more
intricate than the foregoing paragraphs suggest; similarly, the
network of interconnected responses and responsibilities is more
complex than the following network statement suggests.
British municipal government has become more conscious of
its organisational and managerial ineptitude in recent years.
Some of the more progressive municipal authorities have attempted
to rationalise their responsibilities and activities, while the var
ious executive Ministries of the Crown and professional bodies
have published memoranda encouraging the application of network
theory and other management techniques to municipal government
procedures. Portsmouth has recently introduced project co
ordination and network analysis to its resource utilisation activi
ties. A simplified version of the network for Buckland HI is in
dicated in Figure 3, the principal stages of which are:
1. the definition of the plan parameters and rehousing
requirements;
2. the preparation of preparatory sketch and cost plan;
3. the commencement of committee procedures and con
sultations with DOE; - both continuing to - 7 - ;
4. the procedures of rehousing, relocation of businesses,
road closures, demolition - all continuing to - 8 - ;
5. the preparation of working drawings, bills of quantities;
6. the invitation to tender;
7. the selection of tender and signature of contracts;
8. the commencement of construction.

The impact of those most vitally affected by renewal propos
als, the residents, landowners and business interests, has recently
increased because of the trend towards increased democratization
of the development decision p rocess. Public participation is gen
erally not well-structured, and there are considerable variations

S3 I elapsed tine ii weeks

Fig. 3. Project Network - Buckland III
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CONCLUSION

resolution of many socio-econom ic problems consequent upon any
renewal procedure. The later phases of Buckland may provide
suitable opportunities for such study.

It is unlikely that any one case study will successfully reveal
all aspects of the renewal process. This study has traced the
procedures of redevelopment in Buckland without arguing the mer
its or dem erits, or considering the alternative methods of reha
bilitation and cellular renewal. It is possible that it will become
increasingly fashionable and politic to advocate rehabilitation
where previously redevelopment was the only suitable procedure.
It is to be hoped, however, that repetition of the traditional argu
ment will be avoided and that more attention will be given to the
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URBAN HOUSING POLICY IN IRAN
by
M. T. Jahanshahi, Civil Engineer*

INTRODUCTION

PART ONE

a long period. For this group, a 5 percent population
growth rate has been, forecast.
b. In the next ten years, the large cities in the interim
of the absorbing rural population will also migrate
population to growth poles. Therefore proposed
population growth rate for this group is 4 percent.
c . Medium sized towns which at present are losing their
population. Also in the future they will not have a
specific program in order to absorb population.
Therefore proposed population growth rate for this
group is 3 percent which is close to the national
average rate.
d. Small towns. With future 3 percent rate of growth.
3. Classification of Income Groups.
According to Bank Markazi Iran studies, Iranian household
incomes are classified in five groups.
4. Housing Needs:
Condition of household housing in past five years, present,
and next ten years is studied.
5. Financial requirements for implementation of the proposed
plan was studied in two different ways.
a. Financial needs according to city classification break
down.
b. Financial needs according to household income break
down.

Goals

PART TWO

Land reform, the start of agricultural mechanization, and the
Execution of large industrial projects have changed and is changing
from day to day.
Other factors which help the population growth are better
nourishment and hygiene.
Due to the mentioned factors, Iran like many other developing
countries is facing new problems that parallel the economic growth
that should be studied.
Twenty five years ago Iran’s urban population was estimated at
25 percent of total country’s inhabitants. Thus this figure has
reached to 43 percent at the present time and according to men
tioned factors, in less than a fifty years period the urban population
in Iran may reach to 75 percent of total population.
Most of the fundamental industries have made the necessary
arrangements implementation or are in process of starting work.
This (Industrialization) itself is an absorbing factor for urban
population increase.
Therefore in order to prevent housing shortages, studies have
been made and from these comprehensive studies, a housing policy
has been codified. An out line of the codified housing policy is
given in Part One.

1.
2.
3.
4.
5.
6.
7.

Housing for all groups according to their income.
Improvement of existing housing in viewpoint of health and
social character.
Facilitate housing for labor groups and governmental
workers at their nearby job locations.
Restricting nonhygienic and buildings that lack sufficient
technical layouts.
Acceleration of urban renewal projects.
Land-Usage according to city master plans.
Controlling the land values in areas where housing projects
are to be implemented.

The Proposed Housing Policy
Main topics are as follows:
A. Investment.
1. Governmental credits.
2. Private credits.
B. Provision and allocation of land.
C . Urban utilities.
D. Amending and enacting legislation of laws.
E. Building methods and construction materials.
F . Manpower
G. Specification of residential units for different income
groups.
H. Responsible organization.
Since this paper should be limited, therefore only the following
will be considered:
I. General standards and construction specifications of
residential units for different income groups.
II. Building methods and construction materials.
Explanatory report on general
standards and construction
specifications of residential
units for different income groups.
In order to codify the housing policy in advance, it is therefore
necessary to define specifications of residential units in respect to
its area/unit, technical specification, and general standards.
Then, bearing in mind the needs of different groups and their
financial abilities, the cost of the unit must be estimated, so as to
obtain equal conditions for selling these units and forecasting
required credits.
To perform this policy, the standards of building in several
countries were investigated, and by considering usual construction
methods, native traditions and financial abilities of different
groups, general standards and technical specifications in a simple
comprehensible manner were collected and are shown in Tables
A and B to guide governmental organization, investors, and co 
operative sections who deal with housing matters.
Since there is government assistance to the people, companies
and institutions which embark upon housing will be in the framework

Summary of present studies and future needs.
According to a published census at the beginning of year 1970,
the housing shortage was quite visible. Also in recent years the
ratio in housing investment to aggregate national production has
decreased. It is lower than the rate recommended by the United
Nations.
Required Housing for the Next 10 Years
1. Population growth rate.
According to 1955 and 1966 statistics, population growth rate
for the country was 3.6 percent. A 5 percent population growth in
the urban areas has been projected.
As it has been observed in the past, cities according to their
social and economic growth have had different population growth
rates. Also in future these rates will be different. So it is
necessary in order to find punctual figures, that cities of the
country be divided into different groups. According to the groups
social and economic disposition and its location, proper rates
should be considered and provided.
2. Classification of cities,
a. Growth poles:
10 large cities at present time are considered as
growth poles, and this position will be preserved for

*Board of Director Member Housing Organization. Tehran, Persia
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TABLE A

GENERAL SPECIFICATION.

2nd GROUP

1st GROUP

3ed GROUP

4th GROUP

5th GROUP

No

DESCRIPION.
MINIMUM BUILDING AREA PEL PERSON

i

IN SQUARE METER.

10

13

16

23

30

2

MAXIMUM „ „ „ „ „ „ „ „ „ „ „ „ „

12

15

22

28

35

ALOCATED BUILDING AREA FOR A FIVE

:

3

PERSON FAMILY IN SQUARE METER.

4

TOTAL BUILDING AREA FOR A FIVE PERSON
FAMILY IN SQUARE METER

5

HOMIER OF FLOORS

6

RATIO BETWEEN TOTAL PROPERTY ft TOTAL
BUILDING SURFACE

7

COST OF SQUARE METER OF BUILDING INCLUDIN
WATER AND ELECTRICITY IN RIALS.

s

COST OF LANDSCAPING IN TERM OF SQUARE
METER OF BUILDING AREA IN RIALS

50 - 60

65 - 75

80 - 110

115 - 140

150 - 175

55 - 60

75 - 85

90 - 125

130 - 155

170 - 200

5

5 or 9

9 or 15

5

1 or 4

80/100-90/100 90/100-100/100

80/1.00-100/100 70/100-80/100

3 0 0 , 7 0 / ^ - 0()
2200 - 2800

3000 - 3200

500

' 9

PERCENT OF COST OF PROPERTY TO SUM OF
ITEMS 7 & B

10

TOTAL COST OF SQUARE METER OF BUILDING
AREA (ITEMS 7 & 8 & 10) IN RIALS

3000 - 3600

:,i

APPROXIMATE COST OF EACH UNIT IN RIALS

200000-240000

COO

10/100

3500 - 3700

4700 - 5700

800

10/100-15/100 15/100-20/100

4200 - 4400

5000 - 5200

320000-380000

450000-650000

1000
20/100-25/100

7000 - 8000

150000-180000

7000 - 9000

1000
30/100

10300 - 12300
1750000-

900000-1.24000C

2,460000

Therefore the single unit housing is constructed only for a
short transferred period and later will be able to change to suitable
apartments.
In residential blocks the open and green areas are greatly
emphasized. Ratio mentioned in item 6 of table A gives the ratio
between the total site and the total constructed area.
For example, for the second group, an apartment with 85 (total
area) sq/mts is built. Sufficient proportion to each unit is between
68 to 75 sq/mt and total site for such a building with 5 stories
should be 340 to 380 sq/m ts.
Of course this proportion would increase up to 300% in single
unit buildings which are considered only for first group, and this
figure contains the open area, public establishments, and land
scaping.
To explain items 7 and 8 of Table A, it should be mentioned
that preliminary estimates are based on the 1971 price index. It
is obvious that these figures are not fixed, and might change due to
changes in wages and construction material prices.
To facilitate housing, the main problem is land and its value,
which results in capital freeze on lands and the burden of high
price is always paid by the builder. According to the statistics,
at least 50% of building costs were spent on purchasing land and
sometimes this proportion would increase to more than 100%.
To solve this problem and reduce land value in item 9 of Table
A, precaution has been established and steps have been anticipated
in order to prevent unjustified increase in land value.
Cost of a square metre and the total expenses of a building
have been estimated in regard to the above mentioned general
principles; if in 4th and 5th groups expenditures are rather high
it is on account of material handling for high rise buildings such
as reinforced concrete, steel frame, and also the complexity of
the building and expensive services and necessary ones such as
elevators and so on. But we hope to reduce expenditures to a
reasonable level by industrializing housing and taking advantage of
different systems of pre-fabrication.

of the housing policy. It is necessary to inform the people that
they can take full advantage of housing loans, subsidy of rates, low
priced land, and low rental land, only if they follow government
regulations.
Generally the urban population of the country has been divided
into five distinct groups (according to their annual incomes by the
Central Banks statistics). They are as follows:
1st Group
up to 50,000 Rials,
from 50,000
2nd Group
to 100,000 Rials,
3rd Group
from 100,000
to 200,000 Rials,
4th Group
from 200,000
to 400,000 Rials.
5th Group
more than
400,000 Rials.
Governmental subsidies in terms of the above assistance will
be in the first three groups and follow by groups in some but not
quite as for first three.
When considering the different factors, the minimum residen
tial area per person in each group is estimated in such a way so as
to obtain and establish a ratio between the family’ s income and the
construction cost.
The calculations are based on five persons/family.
Bearing in mind the standards of other countries, the minimum
area has been arranged in such a way that the residential unit is
technically and hygienically adequate and convenient.
In the minimum and maximum of proposed areas, two figures
are indicated: allocated area for private use is in terms of rooms,
bathrooms, kitchen, corridors, balcony, etc. and the total sur
face consists of private area and portions of places like entrance
hall, stairs, elevators, installation spaces and so on.
For the first group, single unit and four story apartments,
and for the second and third group, five story apartments, beams
and columns have been considered to be fabricated of brick,
masonry and reinforced concrete.
If the construction site is situated in an earthquake zone it is
necessary to use steel frame or reinforced concrete structures
also, remembering the other factors indicated in existing building
regulations. Also it is obvious that during the designing of the
project the climatical ground conditions, its bearing capacity, and
other factors of the master plan of the cities must be observed.
Considering that in future the income of the first, second and
third group will increase and because of the future limitation of
land and the other factors, living in apartments will be more con
venient and habitual.

Methods and Construction Materials.
Up to 50 years ago buildings were generally single story, where
sun dried bricks, wooden beams, plaster of clay, and straw were
the main materials of construction. Gradually bricks and cement
were added to these materials. At the present time with the
exception of high rise buildings and residential units for medium
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TABLE 3

No

DESCRIPTION

a

FOUNDATION

2

STRUCTURE
PARTITION

3

WALLS

4

FLOOR SYSTEM

5

DOOR FRAMES

6

DOORS

7

WINDOWS

8

FINISHING

9

TOILET £
KITCHEN
FINISHING.

10

SANITARY
FACILITIES

11

FLOORING

12

TOILETS £
ROOF
INSULATION

1st GROUP

BUILDING SPECIFICATION.

4th GROUP

3ed GROUP

2nd GROUP

REINFORC BD CONCRETE

DEPENDING UE ON LOSING AND SOIL CONDITION.

REINFORCED CONCRETE OR
STEEL STRUCTURE

BRICK MASON. WITH REINFORCED CONCT.
TIE BEAS & COLLUMNS
BRICK MASONARY
W TTH
LIME MORTAR

BRICK MASONARY
WITE
3ATTARD MORTAR

I BEAM

C:

5th GROUP

BRICK MASONARY 'WITE CEMENT MORTAR
REINFORCED CONCRETE SLAB
AND OTHER LIGHT FLOOR.

BRICK JAC ARCHING

LIGHT HOLLOW SECTIO MS
HARD WOOD
CORE WITH PLY
WOOD OR FIBER
_________ FINISH

HARD 'WOOD WITH PLYWOOD FINISH.

LIGHT HOLLO'.; SECTIONS.

ALUMINIUM.

1) MUD AND STROW PLASTER
2) GYPSUM PLASTER
3) WATER BASE PAINT
INEXPENSIVE

1) MUD AND ST ROW PLASTER
2) GYPSUM PLA STER
3) PLASTIC PA INT OR WALL PAPER.

3cd RATE WHITE
TILE

2nd RATE V7HXTE
TILE

1st RATE 'WHITE

3 RATE WHITE
FIXTURES HOT
WATER PLUMBING

2 RATE WHITS
FIXTURES HOT
WATER PLUMBING

1 RATE WHITS AND 1 RATE COLOR
COLOR "*!"1TURES &
FIXTURES
CENTRAL HEATING CENTRAL KEATING

INEXPENSIVE
PLAIN CEMENT TI] E TERRAZZO TILE

MEDIUM QUALITY
TERRAZZO TILE

HIGH QUALITY
TERRAZZO TILES

TILE

INEXPENSIVE
FIXTURES HOT
WATER PLUMBING

TILE

■St RATE COLORED
TILE

BEST QUALITY
COLOR. TERRAZZO
TILE.

TOW LAYER FELT WITH THREE LAYER TAR.
3cm. ASPHALT. OR

13

14

ROOFING

5cn MUD £ STROW

BRICK FACING 1
CEMENT
POINTING
EXTER. ?IN3>
sning

15

HEATING
SYSTEM

16

COOLING
SYSTEM.

2cm. ASPHALT.

PLAIN CEMENT TIL!

FACE 3RICK OR
INEXPEN. CEMT.
PLASTER.

3cm. ASPHALT. OR TERRAZZO TILE.

FACE BRICK OR CEMENT. PLASTER

CENTRAL.
HEATING

OIL

WATER COOLER

and upper class income groups, the applicable materials are
bricks, mixture of sand and lime, and cement and iron beams
(girder) are common in single unit housing or in customary apart
ments.
Generally housing units for low income and medium income
groups are built with economic considerations and traditional
methods.
The approximate percentage of expenses of low cost housing
are given below:
In late years considerable attempts have been made to indus
trialize housing and to follow pre-fabrication systems, but in
many cases it has been unsatisfactory.
The following factors are needed to succeed when using prefabrication systems:
1. Industrialization of country, rural out-migration to
industiy poles.

2.
3.
4.
5.

CEMENT PLASTER
OR PLAQUE
STONE.

AIR
CONDITIONING.

AIR
CONDITIONING.

Shortage of housing.
Inadequate accessibility to local materials, where large
housing projects should be implemented.
Rapid increase of wages and consequently changes in the
figures of Table 3.
Special climatic conditions and therefore, limitation in the
construction period.

Past and Present Conditions and Future Outlook.
1.

In recent years with completing the land reform, and
beginning of industrialization, rural population is attracted
by industrial cities. With useful measure and steps taken
to industrialize this country, as mentioned before will
change the present rural and urban population ratio.
Although at present the trend of rural to urban migration is
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not a matter of importance, but in future it has to be socially
studied and preventions should be established in thfe field of city
problems.
2. Although there is not such a problem as a homelessness
in a way for a place to live, but as it was mentioned in
preface at present time due to following reasons:
a. To provide the minimum space for every person.
b. Betterment of public health at present dwelling short
age of housing is visible.
In future due to in-migration of peasants from villages to cities,
and also to natural growth of population, massive housing standards
plus urban renewal in some areas are needed.
In building new residential units and renewal of old ones the
traditions, habits, and folkways should be considered. It is
obvious that in technical and social layouts not every wish and want
of people can be justified. Accepting rational and logical aspects
of people’s wants and also preparations for new systems and
methods of living will require considerable time:
3. In present housing activities, the local required materials
for ordinary buildings are available, and can be obtained
at reasonable prices. In addition, in areas which the
better quality of building materials come from , the
neighboring areas are more accessible and the cost of
pre-fabricated parts with large dimensions are cheaper.
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If large scale housing projects get started in some areas
rather than big cities, the shortage of materials can be
an important factor. By establishing pre-fabrication
assembly time, the cost of transporting materials will be
eliminated.
4. One of the most important factors for establishing pre
fabrication systems is the matter of wage increase and
its effects on all expenses.
Formerly most materials, and particularly I-beams, rein
forcement, sanitation equipment, hardware, and electric equipment
have been imported. However, because of low wages, the ratio of
wages to cost of materials came to less than 1/3 of total expend!tures.
Today most required materials are manufactured in Iran and
wages are rising due to industrialization. It can be seen that the
ratio of wages to cost of materials may increase to 1/2 or even
2/2 in the future.
Manpower will be an important factor in the future due to the
immensity of housing activities and this factor must be carefully
considered. Rapid technological changes and soaring wages
coupled with a shortage of manpower indicate that, if housing
policies and projects are to be implemented without difficulty,
adequate preparations must be made for the industrialization of
housing.
CLIMATIC CONDITIONS
Iran’s extensive land area covers several different regions so
that it has no single climatic condition. The areas include cold,
dry, desert, tropical and temperate zones. Iran’s climate is
seasonal in nature except in the few temperate zone areas.
There is presently no distribution of construction activities in
Iran but this will become necessary with pre-fabrication and
industrialization of housing. Time limitations will become im 
portant.
At present, industrialization, housing shortages, lack of

adequate power, building materials, and climatic conditions do
not create difficulties in the nation’s construction activities. The
cost of low- and medium-priced housing is now lower than it would
be with pre-fabrication, but the complexity and volume of future
projects indicate that the use of pre-fabricated materials would be
a safer and wiser course.
The principal factor to consider in developing a pre-fabrica
tion system is to select one which will cut costs to the minimum.
In conclusion, the following steps should be considered with
regard to building materials and methods of construction:
1. Standardization of building components;

2.

3.
4.

Study and selection of a suitable modular system for co
ordinating building dimensions and, thus, save time and
expense;
Study and selection of the best and most economical pre
fabrication system consonant with housing policies;
Establishment of a housing research institute for guidance
in housing affairs.

REFERENCES
Section one is adapted from the land and housing policy estab
lished by the Ministry of Development and Housing.

84

EXPERIMENTAL LOW COST ARCTIC HOUSING FOR ALASKAN BUSH AREAS*
by
Terry T. McFadden**

one form or another is provided in many homes. This, however,
creates another problem. The extremely high vapor gradients
provide a driving force for vapor which will completely fill un
protected insulation with water vapor. Vapor of course turns to
ice at the 32°F isotherm and the insulation no longer provides any
insulating value. Vapor barriers therefore are of utmost impor
tance . Extreme care must be taken to see that they are adequate
and properly installed.
Permafrost: So much of Alaska is underlain by permafrost
that building on these lands cannot be avoided in many cases.
When a structure is built over permafrost, proper design and
construction can avoid very costly deterioration of the foundation.
Heated structures in contact with the ground will invariably suffer
extensive damage if detrimental permafrost is present. Detri
mental permafrost is defined as permanently frozen, silty, soil
with moisture content above 30%. Silt content of the soil can be
as low as 3% and still cause problems.
Multiple Glazing of Windows: Studies have shown that the
most economical design for windows in arctic regions incorpo
rates triple glazing. Considering heat loss along with the initial
cost of materials and installation, overall costs are at a minimum
with triple glazing. If window areas are not too large, double
glazing is acceptable and has the advantage that replacement after
breakage is less expensive. If breakage rates are high, then
double or even single windows become economically more ad
vantageous, although single panes are never desirable from
comfort considerations.
insulation Thickness: Alaska weather varies from 8,000 to
20,000 degree days of heating. Insulation thickness varies ac
cordingly. The optimum thickness of often less than comfort
standards dictate in remote regions due to the high cost of con
struction. In these cases, comfort standards should, if possible,
prevail. Optimum thickness for the Fairbanks area is usually
found to be between six and eight inches in the walls, and close to
ten inches in ceilings.

PURPOSE
Adequate and healthful housing has long been recognized as a
pressing need of Alaskan Arctic and Subarctic residents. The
need is complicated by the requirement that the cost of purchas
ing, operating and maintaining such housing be within reach of
this predominantly low income group.
In the past, lack of adequate shelter, and sanitary facilities,
and insufficient and unsafe water supplies have led to a mortality
rate among Alaskan Natives that is many times higher than any
peer group in the Nation. Infant mortality and tuberculosis have
been especially high, and many of their causes relate to inade
quate housing.
Figure 1 shows a typical Native Alaskan home in one of the
villages. It is a sad commentary that such conditions exist in an
area where the need for protection from severe weather is so
great.
Wintertime temperatures, often falling below -40° F for long
periods, are commonplace. Often these temperatures are ac
companied by high winds which can create chill factors equal to
-110° F and lower. Adequate housing to meet these needs should
be high on our list of priorities.
The foremost design considerations are: (1) adequate pro
tection from the environment (this includes considerations of
adequate space, insulation, ventilation, sanitation, and of utmost
importance, durability), and (2) a price within the means of the
average Native family. The second is a most difficult require
ment to satisfy since it is almost diametrically opposed to the
first, and Alaskan costs make it doubly hard to meet. The one
asset most Native families have is time, which can offset the
labor costs which constitute a large portion of the final construc
tion cost.
It is difficult to place a higher priority on either of these
requirements, since one without the other is a blueprint for fail
ure . A compromise which incorporates the best qualities of each*
is essential. With these aims in mind, the Environmental Sciences
Branch of the Arctic Health Research Center set out to create a
laboratory for housing research where techniques, materials,
and new products could be tested. The laboratory consists of an
experimental house incorporating many new innovations in hous
ing, and providing a facility for future work.

STRUCTURAL CONSIDERATIONS OF AHRC’s EXPERIMENTAL
HOUSE
One of the newest and perhaps most promising housing devel
opments in the past few years has been the polyurethane-foam,
sandwich panel. This panel can provide the interior finished wall,
the insulation, and the exterior sheeting all in one panel. It
claims to provide as much as three times the insulating properties
of an equivalent thickness of fiberglass. The panel offers a means
of providing easy and relatively quick assembly by unskilled labor,
and when finished, it is extremely durable. Although foam costs
are high, the total panel offers several savings. The manufac
turer can purchase materials in quantity for substantial savings,
and assembly can be performed on a production line basis, cutting
labor costs at that point. Elimination of the need for skilled labor
to assemble the house is perhaps the greatest economy of all.
Wages in remote areas of Alaska for this kind of labor run the
cost of conventional construction prohibitively high. The walls,
both exterior and interior, are sandwich panels. An exterior
framework of 6 by 6 beams and columns provides the structural
support. Foam panels are fastened inside this framework and
bear no load except their own weight. All electrical conduit and
boxes are molded into the panels. Each sandwich panel consists
of finished paneling on the inside, an unpainted plywood exterior,
and 2-1/4 inches of polyurethane insulation.
The roof is of trussed construction with a slope of 3-1/2
inches in twelve. A ventilated attic space and foam panels in the
ceiling provide a “ cold roof” configuration. Asphalt shingles
were used in this experimental model, but could easily be re
placed by other materials such as aluminum, sod or other local

ARCTIC CONSIDERATIONS
Building in the Arctic presents certain special problems that
must be considered in the design and construction of the struc
ture. Some of these problems are unique to the Arctic and some
are only amplified in the northern environment. Examples are:
Vapor Barriers: During file winter months, outside air con
tains very little water vapor. Its relative humidity is often quite
high, but this is only a measure of the fraction of the total water
vapor that can be carried by the air at any given temperature.
At -25° F air can only carry 2% of the vapor it can carry at 75° F.
At these low temperatures, even 100% relative humidity repre
sents very little water vapor. If this cold, saturated air is then
heated to an inside temperature of 75°F, the relative humidity
drops to 2%. Air this dry is very uncomfortable. It promotes
static electricity, and can cause irritation of skin and mucous
membrane tissue and dehydration. Activities inside the home
tend to eliminate some of this, and additional humidification in

♦Presented at the Second International Symposium on Lower Cost
Housing Problems Related to Urban Renewal and Development
on April 24 - 26, 1972 in St. Louis, Missouri.
♦♦Research Mechanical Engineer Arctic Health Research Center
College, Alaska.
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materials. The inside ceiling is finished with acoustic tile stapled
to the panels.
The floor consists of 1-1/4 inch plywood on two-by-fours
spaced two feet on center, supported by plywood beams constructed
with a one-inch plywood web, 18 inches wide with a two-by-four
glued and nailed along both top and bottom to form a “ channel
like” shape. Beams are spaced on 3 feet, 6 inch centers. This
provides a double floor with an 18 inch air space between the in
side floor and the bottom of the house. Two inches of rigid poly
urethane insulation are glued to the exterior walls of the air space,
thus insulating it from the outside. This results in a warm floor
and in addition gives a “ heat-scavenging” return air plenum for
the heating system. This will be discussed in more detail later.
The structure is set on pilings, each pile set into the ground
12 feet deep. The top 7 feet of the pilings were wrapped with
polyethylene film to prevent frost jacking. The top two feet of
polyethylene were wrapped with tar paper to preclude ultraviolet
degradation of the film . An open two-foot crawl space is left
between the house and grade to prevent permafrost destruction.
Eight piles were used, six under the main structure of the house,
and two under the front entry.
Windows were used with care. In the arctic environment, the
excessive heat loss through windows make their use undesirable;
however, the confining nature of the winters can be somewhat
mitigated by windows to allow visual access to the outdoors.
Winter sunrises and sunsets are especially beautiful because of
the low angle of the sun. Windows help the wife or mother who is
confined indoors much of the day to feel more a part of the natural
environment, and alleviate much of the “ cabin-fever” prevalent
during the winter months. Each room in the house was provided
with at least one double-glazed window of adequate size and ac
cessible for fire escape. The living room has three windows,
each approximately six square feet.

HEATING SYSTEM
Several heating systems have been considered and are planned
for eventual testing. To obtain accurate data on the performance
of the house and its insulation, an electric baseboard heating sys
tem was installed first. This simplified the calculations since the
exact amount of heat introduced to the house could be read off of a
watt-hour meter, and uncertainties arising from combustion ef
ficiencies, stack losses, and heat content of fuel are eliminated.
It also represents the lowest initial-cost system available. After
the performance details were measured, other types of heating
systems were considered.
A forced air system was tested, drawing its return air from
the insulated plenum under the floor. This system has the advan
tage of reclaiming much of the heat lost from the interior of the
structure through the floor. Perimeter return air ports were in
stalled leading from the living area into the floor plenum. These
ports were placed in the floor around the outside wall and spaced
to get equal flow from all parts of the house into the floor plenum.
This draws cooler air in contact with the outer wall into the floor
plenum and from there into the furnace. This system permitted
the evaluation of the house’s performance using a single, central
heating source similar to those many families now rely on.
The final test will be of an oil-fired , kitchen stove. This is
the type most frequently used by Natives in the bush areas of
Alaska. It doubles as a cooking stove and furnace. Return air
can be drawn from the floor plenum through a hole in the floor
below the stove. Where electricity is available, a small circulat
ing fan can be used; otherwise, circulation will be by gravity, using
the return air grilles into the floor plenum in each room along the
outside wall.
PERFORMANCE
Testing for the first year was aimed at establishing the ther
mal characteristics of the house, and monitoring the effects of
weather on materials and structure. A mathematical model of the
heat transfer losses from the house was developed and compared
to actual measured losses. The model is derived as follows:

LIVING AREA
Space is expensive, both in initial cost and in heating during
the winter. However, recent studies show that the undesirable
effects of crowding are significant enough that they must be con
sidered in any housing which professes to have the health of the
occupants in mind. This house contains 560 square feet of living
space plus an additional 69 square feet of enclosed entrance hall.
While minimal from a health standpoint, this is about as much
room as Native economics will allow, and is spacious compared
to current practice. The area is divided into six room s, con
sisting of three bedrooms, living room, kitchen and bathroom.
The bedrooms are small. As much space as possible has been
reserved for the living room area where it is expected that the
most time will be spent by the largest number of people. The
kitchen is compact and contains a sink, cupboard space and room
for a stove or refrigerator. If the family have both a stove and
refrigerator, the refrigerator can be placed next to the stove,
protruding only slightly into the living room.
Since the lack of adequate sanitary facilities is one of the
most serious needs of families in the bush areas, the bathroom
is complete, containing a sink, bathtub, and water closet. The
theory is that with available and comfortable facilities, more per
sonal hygiene (the lack of which is a major cause of illness among
families in the wilderness areas of Alaska) will be promoted.
This assumes that the household has an adequate supply of safe,
potable water, which is very often not the case. Great strides in
this direction are being taken however, so it is desirable that the
facilities be in place when such a water supply becomes available.
The front of the house opens into an enclosed and partially
heated hall which provides an air-lock area. Here, winter clothes
and footwear can be removed and stored before entering the house.
This arrangement eliminates a direct opening from the outside to
the interior of the house, thus attenuating the huge infiltration
losses that accompany opening a door directly from the outside to
the inside. Interior doors on the bedrooms and the bathroom are
all folding doors, conserving space by eliminating the space used
by conventional doors. A second exit is provided through one of
the bedrooms. This provides a fire exit, but is not intended for
general use in the winter.
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If we take an average value for the overall heat transfer coefficient,
Ut, each individual coefficient is directly proportional to Ut:

Where C n is the proportionality constant, therefore we can write
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Where:
Q = heat flow out of the house (BTU/day).
Ut = overall heat transfer coefficient for the house (BTU/ft^
-day-°F).
Subscript: w = wall; c = ceiling; f = floor; g = glass.
A = area of each different heat transfer area (ft**).
T = temperature (°F).
C values have been designed using heat flux probe information ob
tained from each area.
Figure 5 shows the correlation of the calculated heat loss com
pared to the actual measured power consumption of the house. It
is seen that a Uave = 2.33 gives very good correlation with actual
operating conditions.
One of the measures of a dwelling’s performance is the com
fort of the occupants. If the walls are cold, a person is uncom
fortable regardless of the air temperature. Heat radiating from
the body to the walls leaves the individual with a chilled feeling.
It was noted by the researchers that even on the coldest days
(-50#F outside), no discomfort was experienced while working in
the house in short-sleeved shirts. Some drafts were noticed,
especially around the doors, but weather stripping and a switch to
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primary importance. The total cost of materials for the house
was $9, 300. If we ignore shipping expenses, this amounts to
$14.78 per square foot of floor space. This compares most fa
vorably to a typical cost for conventional construction in the Alaska
area of $35 per square foot.
Labor for erecting the facility amounted to $12, 267 for 717
man-hours. This cost, of course, would be eliminated if the owner
did his own work. The panels used for this particular house were
manufactured in the lower forty-eight states and then shipped to
Alaska. Shipping was a substantial portion of the cost of the house,
amounting to $2, 553. This cost could be minimized by using panels
manufactured in Alaska since the raw materials for the foam can
be shipped at a lower rate than the foam itself. Shipping costs
were somewhat high since an entire trailer had to be rented, but
only two-thirds of it was used. If these costs are included, the
total only jumps to $18. 81/ft2, which is still very low for the
Alaskan market.
Breaking this down a little more, we find several items that
could be considered luxury items in terms of Alaskan bush stan
dards. One example is the ceiling tile. Using a painted ceiling
instead of acoustic tile would save approximately $150 for material
plus $200 on the labor cost. In addition, installation would be
easier for the Native homebuilder. The foundation was another
item that might be trimmed. If the home were built in a non
permafrost site, a standard block foundation could be used, saving
approximately $100 for material and $600 for labor. If instead of
shingles on the roof, sod were used (a proven workable alternative
in Alaska) an additional savings of $200 for materials and $300 for
labor would result. Subtracting these savings, a total materials
and shipping cost could run as low as $15.60 per square foot. With
the use of more Native materials, it is anticipated that this cost
can be reduced even further.

foam-filled doors solved this problem. Another source of drafts
was the corners of the structure. The corner contains a butted
joint of two panels. Any deflection or warping of the panels can
cause a draft in this area. Each panel developed a slight bow,
with the center arching outward. A better seal, installed for the
second winter’s testing, largely eliminated drafts in the corner
areas.
With electric baseboard heating and a low level of activity in
the house, stratification of the air would be expected and this did
occur. Temperature differences of 2°C to 4°C were recorded.
Thus the entire room is well within the comfort range, and the
absence of a cold floor makes the area very pleasant for small
children.
Another measure of the dwelling’s comfort, especially in the
North, is the cool-down rate. The typical procedure for a family
with a wood- or coal-burning stove is to “ stoke up” the stove be
fore retiring and hope it will last the night. A house that gets so
cold before morning that it requires the fire to be rekindled is
looked upon with much disfavor. Therefore, the cool-down rate
of the house is considered an important measure of the perfor
mance. The cool-down rate is a function of both insulation per
formance and the thermal mass of the structure. This is the
primary reason for the popularity of the log cabin. Even though
the insulating properties of logs with chinked cracks are poor, the
high thermal mass makes them comfortable on cold winter nights,
and their cool-down rate is very slow. By the same token, it takes
“ forever” to get one heated up, as any sourdough who has come off
the trail to a cold cabin can testify. On two occasions the power
was cut off to the house, and the cool-down time was measured.
It was found that it required 13 hours from the time that all heat
was cut off until the interior temperature dropped to 32°F. This
was with an average outside temperature of 0°F. In eight hours
the inside temperature had dropped to 38°F. If we assume a
“ banked” stove would continue to burn for three hours after re
tiring, then the inside temperature would only drop to 45°F.
Relative humidities of at least 20 percent were found desir
able, and to attain such, a humidifier was installed in the test
facility. It was found that in order to maintain a 20 percent rela
tive humidity, between five and eight gallons of water per week
were required. This amounted to nearly 200 gallons over the test
period.
Of particular concern were the vapor barrier characteristics
of the panels. If the cells of the foam fill with condensed water
vapor, its insulating value will be lost. The permeability of poly
urethane foam is not considered adequate as a vapor barrier by
itself when used in the high vapor diffusion gradients of the North.
The glue seams in the plywood interior paneling may give some
help, but the question of what the total composite vapor barrier
would yield was still unanswered. To test this, a 40 percent rela
tive humidity was maintained inside the house for a period of three
months during the winter, while outside temperatures dropped as
low as -50°F. At the end of this period, a core sample of the wall
was taken. The core was weighed to 0.1 gm on a micro-balance
and then placed in a desiccator. Weight changes were monitored
until stabilization occurred. At this point, it was assumed that all
unbound water vapor had been removed. The sample was then
removed from the desiccator and allowed to remain in normal
room atmosphere to reach equilibrium with surrounding air.
Again, weight changes were monitored, and as the weight stabi
lized a net percentage hydration was calculated. A net weight
change of 2.63% was found. This indicated some water pick up,
but probably not enough to be of any significance. Further moni
toring, of course, is in process. Heat loss per degree day gives
another enlightening view of the performance of the urethane in
sulation. It is seen from Figure 2 that the loss per degree per
day is essentially a straight line, indicating that the insulating
quality of the urethane did not deteriorate throughout the testing
period. Much of the concern over the effectiveness of urethane
as a vapor barrier is relieved; however, much longer test periods
must be used to completely resolve the question.

CONCLUSIONS
Sandwich panels offer a unique solution to many of the prob
lems that face the builder of a home in the “ bush” regions of
Alaska. Although insulating value of the foam falls short of the
“ three times better than fiberglass, ” it has a significantly lower
thermal conductivity, and is much better at eliminating drafts.
The ease of transporting panels (they can even be floated to the
site) and elimination of the skill required for conventional building
make them a promising development for future housing in our
remote areas. Their performance and durability at this time seem
to be adequate to withstand the severe weather and environment in
which they must be used. Further tests, of course, are needed
and planned, but many of the initial concerns seem to be negligible.
Heated plenum-type floors can adequately eliminate the cold
floor syndrome which is prevalent in homes elevated above grade
to prevent permafrost degradation. In addition, they provide an
adequate “ duct” for circulating air to maintain more uniform in
terior temperatures.
Thermal mass is somewhat lacking, and performance with a
non-continuous heating system would be less than optimal; how
ever, this can be alleviated with Native materials such as stones
in the floor plenum.

ECONOMICS
In order to keep costs within the budgets of the low income
families for whom the house is intended, initial expenditure is of

Fig. 1. Typical Native Alaskan Home
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Fig. 4. Floor Plenum Area in Construction
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A MECHANIZED CONSTRUCTION TECHNIQUE FOR PRODUCING
LOWER COST STRUCTURES
by
T. Korman*, H. S. Sm ith**, G. L. Emig***

formwork for a true thin shell concrete structure. Sometimes, on
very small shells, the plastic shell is simply painted or coated with
a mastic. Figures 2A & 2B show a 100 ft. diameter spherical foam
dome being constructed. Note the operator inserting the foam
plank into the self-propelled heat welding apparatus. Spherical
dome shells of up to 200 ft. in plan diameter (a= 50* ; R =130.5')
have been constructed already. Also, arbitrary shapes of shells of
revolution such as ellipsoids or hyperboloids can easily be con
structed by this technique.

Shell structures have gained more and more importance in the
last few decades. They offer an ideal solution for many engineering
problems. They use space more efficiently and can also be built
with less material than other types of structures which would cover
the same space. Even as early as the sixteenth century some
applications of shell structures can be found, e .g ., the dome on
St. Peter’s Church in Rome. Wide utilization of shell structures
did not start, however, until after 1930-1935, when the develop
ment of the shell theory gave engineers a more elaborate analysis
tool. The preference for shell structures by engineers and archi
tects is mainly because of tivo considerations:
a. The loads are carried mainly by membrane forces, and
b. Shell structures offer better aesthetic possibilities.
Figure 1 shows a typical thin shell with double curvature.

Fig. 1. A Typical Shell O f Doable Curvature

A properly designed shell carries the load mainly by normal
forces in the cross section. Moments occur only in certain limited
regions, such as the edge areas of spherical domes. For this
reason, it is possible to support large loads with small cross
sections. Shell structures offer the architect a powerful structural
tool because of the possible geometrical variations which help to
overcome structural monotony and make a more aesthetic design.
Certain types of shells of revolution are preferred mainly because
of their functional advantages, e . g . , cooling towers, large contain
e rs, etc.
Even with the above mentioned advantages and with the available
mathematical techniques of analysis, shell structures are not widely
used because o f the cost and time involved ip building the formwork.
A recently developed construction method which does not require
this sort of conventional forming opens up new possibilities of shell
application.
This neve process is a semi-automatic technique known as
Spiral Generation. It is the on-site shaping and assembly of mass
produced materials by a pivotal boom device to form shell struc
tures suitable as a form. The process continuously heat welds
planks of extruded polystyrene plastic foam together to form a
monolithic structure. Generally this foam structure serves as a
* Assistant Professor, Civil Engineering, Purdue University,
W. Lafayette, Ind.
♦•Group Leader, Construction Materials Research, The Dow
Chemical Company, Midland, Michigan.
♦♦♦Research Engineer, Functional Products and Systems Research,
The Dow Chemical Company, Midland, Michigan.
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Fig. 2A & 2B. The Spiral Generation Process

The function of the foam shell is mainly to serve as a form
liner for the placement of a latex modified Portland cement (LMC)
mortar, concrete material. After placement of the LMC mix, the
foam shell remains and serves as an excellent insulation material.
Structural design of these shells assumes that the structural func
tion is provided solely by the LMC concrete shell. The validity erf
this assumption has been established through full scale testing on a
series of 30 ft. diameter, 50s spherical domes at the structural
testing laboratories of The Dow Chemical Company, Midland,
Michigan. The domes were constructed as described above,
“ spinning” the foam dome first and then applying the LMC struc

tural shell. After a 28 day cure at 50% RH and 70* F the foam
domes were stripped from inside the LMC shells. A simulated
uniform loading was applied through a network of barrels suspended
from the shells as illustrated in Figure 3. Water was carefully
metered into the barrels so that a simulated uniform load was
obtained. In all cases, failure was by buckling.
The shells behaved according to the classical equation for
buckling of spherical shells:
P=K 2E
T?
\ / 3(1-V 2)
R2
Where P = Critical buckling load, psf
K = Test to theory correlation
E = Modulus of elasticity of the shell wall, psi
T = Thickness of shell wall, in.
R = Radius of curvature of shell, ft.
V = Poisson’s ratio
The latex modified cement (LMC) concretes render this new tech
nique possible. These concretes have superior physical and
mechanical properties and develop excellent bonds when applied in
layers. Also the materials resistance to freeze-thaw deterioration,
to chemical attack and rain penetration make true thin shells a
practical reality. The latex modification generally doubles com
pressive strengths and increases tensile strength by 200 to 300
percent. The 200 ft. domes (200 ft. plan diameter at the 50° spring
line) had a total shell thickness of 2 inches, which was a thickness
increase slightly near the edge to handle bending stresses developed
due to edge effects.

Fig. 4 . 1 3 5 ' Plan Diameter D om e Being Hoisted O n to Foundation

A true thin shell does not require inordinate amounts of
material which only serve to increase the dead weight of the
structure and decrease the live load capacity. The LMC concrete
shells allow very thin sections to be utilized. This difference will
be noted later in a design example. The truly thin shells produced
by this method save on material and the dead weight which provides
the required structural performance through geometry; not through
massive sections. The improved application procedures and
statistically reproduceable strength properties when combined with
the Spirally Generated form have made possible efficient structures
promised by the thin shell concept.
Eight 168 ft. plan diameter domes (a=50° ; R=110') were con
structed over trickling filters at Cedar Rapids, Iowa waste water
treatment plant. A total of 27 domes were constructed at this one
site. These domes are shown in Figure 5. The eight large domes
are in the two rows of four domes each to the right side of the
photograph.
For an economic comparison, let us examine the materials
required for the 168 ft. dome mentioned above (a=50° ; R=110' ).
Design of the shell according to the ACI recommendations using
ordinary reinforced portland cement concrete requires 393 cubic
yards of concrete and 13.2 tons of reinforcing steel. A Spiral
Generation dome requires 162 cubic yards of LMC concrete and
3.2 tons of hexagonal wire mesh reinforcement. The semi-auto
matic machine controlled procedure and the superior LMC material
allow the shell thickness to be reduced to 1 1/4 inches for this shell
(a =50* ; R=110* ).
A materials advantage is only one consideration. A maximum
time of 2 to 3 weeks is required for Spiral Generation; a minimum
time of 8 to 10 weeks would be necessary for conventional con
struction, either cast-in-place or precast. As mentioned pre
viously , the reduced number of trades on the job for Spiral Genera
tion is a plus factor. A considerable first cost savings has been

Fig. 3 . Uniform Loading For Testing Apparatus

Figure 4 shows a 135 ft. foam dome being lifted onto a founda
tion. This dome was used to cover a trickling filter at the Chemung
County, New York, Sewage Treatment Plant. “ Spinning” of the
foam dome was accomplished at a site to the side of the foundation.
The foam form was then lifted onto the trickling filter wall. A
distinct advantage was obtained from this type of construction since
the trickling filter was kept in operation throughout the entire con
struction period. It is usually too expensive to lift foam domes
larger than 135 ft. in diameter unless unique circumstances justify
the additional cost.
Speed of construction is often of prime importance. Spiral
Generation offers unmatched speed and simplicity for constructing
forms for arbitrary shells of revolution. For instance, a time
period of two to three weeks is realistic for construction of a basic
dome over a 200 ft. trickling filter. It must be noted that this does
not include any mechanical or electrical work. It includes the foam
form , two openings, and a finished shell which requires no paint
ing or waterproofing membrane. Conventional methods of con
structing shells require weeks and even months for installing only
the formwork. The shell must then be poured and the formwork
removed.
Another advantage to the Spiral Generation process is the r e 
duced number of trades which need to be coordinated and accommo
dated on the job site. The spinning process involves one union and
the LMC placement involves another union; a total of two trades for
the major part of the job. Painters are required for application of
coatings to the steel edge ring and often architectural steel work
such as door frames, walk ways, etc.

5. 2 7
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Spiral Generation

D om es - Sewage Treatm ent Plant, Cedar Rapids, Iowa

indicated in recent bidding situations without factoring in the
reduced construction time.
Although this construction method has been used most exten
sively to cover trickling filters and water reservoirs, it is
applicable to any shell of revolution for most architectural appli
cations. In fact a school, several planetariums, some museums,
at least one residence, several assembly halls and a range of
industrial structures have been constructed by this method. At
the present time, the largest use is the fabrication of odor control
domes for waste water treatment facilities. This technique could
be utilized for construction of theaters, gymnasiums, community
centers, shops, offices, storage, etc. Figures 6, 7, & 8 are
photographs of some Spiral Generation domes in use. Figures 9A
& 9B indicate one conceptual possibility as a solution to low cost
housing problems.
This revolutionary new construction method will allow
engineers to more fully utilize the economic character of shell
structures. It offers a new future for a wide range of construction
applications of arbitrary shells of revolution because of its speed,
simplicity, and economic and semi-automatic character. The
problem of constructing efficient and aesthetic structures at a
controlled cost in an inflationary period must be solved by revolu
tionary new techniques and materials. Spiral Generation offers
both.

F'S 8

Interior Of Assembly Hall

Fig. 6. A School Complex Utilizing Spiral Generation Domes

Fig. 9A & 9B. Conceptual Possibility For Spiral Generation Applied To Low Cost
Housing

Fig. 7. An Office Complex In Lafayette, Indiana
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PRECAST FERROCEMENT SHELLS FOR LOW COST HOUSING UNITS
by
Frank W. Gallant, James H. Lane, Dennis H. Parr, Victor E. Shirley*

promise in precasting operations where light weight, high strength
and durability are desired. It consists of wire mesh embedded in
a sand cement mortar mix. The percent steel is usually quite
high—about 5% and the mesh and wire fairly small--generally 1/4
inch to 1 inch mesh. This typically would mean from 5 to 12
layers of mesh in a one-inch thick section. Ferrocement sections
rarely are more than two inches thick and may be as little as 1/4
inch thick.
Ferrocement was selected as the construction material
because its use would lead to the lowest weight for individual
sections. This of course would simplify handling and erection.
Weight of one section made of one-inch ferrocement would be
approximately 3000 lbs.
While great mystique surrounds ferrocement material proper
ties, responsible research indicates that its structural design may
be based on the same basic principles as ordinary reinforced
concrete; i . e . , concrete takes no tension. The primary virtue of
ferrocement derives from the fine reinforcement which reduces
crack size and increases resistance to impact loading.
In a thin shell, ferrocement permits the exploitation of the
inherent load capacity. Typical thin shells made of reinforced
concrete are over-designed from a structural standpoint. Two
problems result from the extremely thin section: 1) thermal
insulation, 2) fire protection. The second problem is not severe
because the shell is in compression and would resist collapse
even though the mesh reinforcement were weakened by fire. Both
problems could be overcome by application of a fire-resistant,
spray-on thermal insulation.

INTRODUCTION
Any attempt to develop a low-cost structural system must
strive for minimal material and labor costs. The system pro
posed here reduces material costs through the use of an inherently
efficient thin shell using economical cement with steel mesh rein
forcement as the material. Labor costs are decreased by in-plant
pre-forming of the shell sections and subsequent transportation to
the erection site where the assembly operation is minimal.
Another important criterion in evaluation of low-cost housing
systems is aesthetics. The inherent beauty of this shell system
is combined with simplicity of structural action to produce a very
desirable housing unit. The smooth sweeping shell and arch shapes
provide a striking effect both inside and out. (Figures 1, 2)
The purpose of this presentation is to describe the feasibility
and economic possibilities of this type of structural system. The
development of the system will be described so that its unique
design features can be clearly shown.
Considering the preceding concepts and the goal of a low-cost
housing unit, the following general requirements were initially set
as a basis for the system development:
1. 1000 to 1200 square feet of enclosed floor area.
2. Sections of an easily transportable size (maximum width
of 12 feet).
3. Low maintenance characteristics.
4. Provisions for simplified future expansion.
5. Convenient integration of plumbing, electrical and heating
systems with structural system.
6. An aesthetic, pleasing structure.
STRUCTURE GEOMETRY
The combination of floor area requirement (1000 to 1200 sq.
ft.), transportability of the sections and trial and error brought us
to the plan shown in Figure 2, a decagon with each section having
a maximum 12 foot width. This yields approximately 1100 sq. ft.
and requires ten sections per housing unit.
An inverted catenary shaping technique was used to develop the
shell surface to scale. Small brass chains were hung from an
inverted baseboard thereby creating a pure tension structure.
(See Figure 4) The maximum chain sag was limited to a scale
equivalent of twelve feet, thus enforcing the roof rise. Inversion
of this shape yields a shell structure which is in pure compression
under gravity loading. Since concrete is strongest in compression,
this is an ideal structural form for this material. Of course the
actual load and support conditions will induce some tensile stresses
due to bending, but these will be secondary in nature and are
carried by the reinforcing steel mesh.
The resulting shell membrane is composed of ten identical
sections. Each of these shell sections is a portion of a catenary
conoid. (See Figure 5) This implies that each shell is a ruled
surface, generated by a straight line moving along two director
curves. Since the surface is “ ruled” the shape can be formed by
straight members. This simplifies the construction of a mold or
form from materials such as wood planking.
This geometrical shape leaves the vault end open, and thus the
goal of simplified future expansion is accomplished. In addition,
this shape is suitable for transporting the individual sections to the
erection site since they can be stacked as shown by the models in
Figure 5.

SECTION MANUFACTURE
The technique to be used for precasting the conoidal sections
is to form the one-inch thick ferrocement shell over a male mold.
The mortar mix may be hand placed as in a plastering operation
or may be sprayed on as in the gunite technique. Because of the
steep slope in certain regions the mix will have to be relatively
stiff. A high impact spraying process is necessary in this respect
in order to have the stiff mix penetrate the mesh reinforcement
leaving a minimum of voids.
The construction of the mold is influenced primarily by two
factors: 1) the number of units to be formed, 2) the mode of
mortar application. Enough sections (10) for one unit could be
formed from a wooden mold. Life of the wooden mold could be
extended by coating it with resin. Use of the gunite technique for
application of mortar would not be practical with a simple wooden
mold because the spring of the form tends to dislodge the wet
mortar; however, this problem could be alleviated by either pack
ing the interior of the form with sand or by applying a rough ferro
cement coating to the inside of the mold to increase its weight and
energy absorption.
A concrete mold could be made by making a negative of a
cast section using a wooden mold. Such a mold would probably
last for about five units or fifty sections. It could be easily re
placed by making another negative. The weight and energy absorp
tion of a concrete mold makes it ideal for use with the gunite
technique.
Lowest cost for extended production would be achieved through
use of a welded and machined steel form. As in the case of the
wooden form, spring would be a problem unless dampened by
filling with sand or application of a dampening material such as
ferrocement to the interior.
In addition to the long life expected from the steel form,
economic advantage would stem from the increased accuracy
obtainable, resulting in better fit of the sections, and faster
erection with minimum problems at the joints.

FERROCEMENT AS A MATERIAL
Ferrocement is a material that has shown considerable

♦College of Engineering, University of South Florida, Tampa,
Florida.
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Fig. 1. Completed Model

Fig. 4. Chain Shape

Fig. 2. Interior View

Fig. 5. Model Sections Stacked for Transporting

12' TYP

Fig. 6. Model Form

-------------Fig. 3. Floor Plan
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USE OF PRESSURIZED MEMBRANES AS A LOW-COST ERECTION SCHEME FOR
CONCRETE STRUCTURES
by
John W. Leonard*

INTRODUCTION

after all pressure and concrete have been applied. The multi-step
method is useful when it is the initial shape which is known a
priori. The two approaches can be used in tandem to predict the
response of full-loaded formworks to further external loads.
Complete discussions of these solution methods are given in
References 7 through 11 along with a number of examples. The
example given herein is intended to demonstrate the field cost
feasibility of the proposed construction scheme. A detailed con
struction process for one sample roof shell is given along with a
complete deformation and stress analysis of the formwork during
erection. A crude cost comparison of the conventional technique
with the proposed technique is given for that example.

Thin concrete shells or folded plates are potentially an op
timum system for enclosing or roofing individual or communal
volumes in which lightweight, movable partitions could be used.
It has been found that shell structures live up to this potential
when large spans are enclosed. However, they are not competitive
for small and intermediate spans because of the high erection costs
associated with the conventional timber or steel formworks used
in the casting of doubly curved concrete panels.
Investigations of more economical erection methods have been
made (1,2, 3,4,5). Some of these schemes have relied on the use
of shot-creting techniques in the casting of the concrete. In the
shot-creting process (6), the concrete slurry is sprayed, possibly
overhead, at high velocity from a nozzle against a rigid or flexible
formwork with the steel reinforcement either attached to or sup
porting the formwork. Drawbacks to such an erection technique
for concrete shells have included (1) the limited range of geomet
ric shapes and sizes of clear spans obtainable, (2) the lack of
analytic capability to predict resulting formwork geometries and
stresses, and (3) the lack of suitable materials (strength, dura
bility, ductility, etc.) for use as formworks.
With recent advancements in materials technology and in the
capability to accurately predict nonlinear membrane shell be
havior, it has become possible to breathe new life into a scheme
first developed by Wallace Neff in 1941, i.e . to spray concrete
over the exterior or interior of an inflated plastic or rubber mem
brane. This technique has several intrinsic advantages: 1) the
formwork in its conventional sense is eliminated and less labor is
involved in the erection of the plastic replacement; 2) if the con
crete were sprayed on the interior, the plastic shell would serve
as weather protection during construction and could be left in place
to provide subsequent weather-proofing for the concrete shell;
3) the plastic inflatable formwork would be light-weight and col
lapsible - the forms could be shop-produced; 4) the complex
formwork necessary for a “ free-form ” shell would be more easily
realized; 5) a large number of shell geometries could possibly be
produced using a double-walled, compartmented form, and thus
variations on a certain geometry could be erected using a single
basic design for the formwork by inflating corresponding compart
ments in different forms to different pressures.
Early formworks of this type were designed using trial and
error approaches. Only certain small shells could be obtained
and, unfortunately, catastrophic collapses of the formwork during
erection have been recorded in some instances. (2) Solution meth
ods have now been developed with which it is possible to accurately
predict the displacements and stresses for an inflatable shell dur
ing the various stages in the shotcreting process. It is also pos
sible to predict the initial shape of a deflated formwork required
to obtain a close approximation to any desired configuration for
the final concrete shell.
A single multi-purpose computer program has been developed
to analyze various aspects of the inflation process for arbitrary
shells of revolution: intermediate inflation configurations and
stress states are predicted; static and dynamic responses to nonsymmetric external loads are predicted. Numerical solutions are
generated even for shells of revolution which only have pointwise
coordinates of the meridian specified rather than the exact alge
braic equation.
A finite element analogue for the nonlinear response of “ free
form ” shells has been developed. (12) Either a multi-step, in
cremental approach or a single-step, iterative approach can be
used. The single-step method is useful when it is desired to cal
culate the required initial shape to obtain a final formwork shape

MATHEMATICAL AND PHYSICAL DESCRIPTION OF FORMWORK
BEHAVIOR
For convenience in the description of the complete physical
behavior of inflatable formworks and also in the development of a
mathematical analogue, the behavior of an inflatable shell was
considered to be divided into two primary stages: 1) the pres
surization phase in which the shell undergoes large displacements
under the action of internal pressure from an unstressed initial
state into a final design configuration; and 2) the in-service phase
wherein additional external loads, the weight of uncured concrete
in this instance, are applied which induce further small displace
ments.
The assumptions made in the analysis of the pressurization
phase are that 1) the form material is elastic and isotropic,
2) the form is extremely thin and therefore possesses negligible
bending rigidity, and 3) the final deformed middle surface can be
used as the reference surface for all stresses and displacements.
As a consequence of these assumptions, the equilibrium equations
for the shell are statically determinate and direct solutions for
the stresses can be obtained. Also, by means of the Poincare
perturbation technique (7) the displacements can be obtained
recursively from the exact solutions of an infinite set of conver
gent linear differential equations. The sum of these linear dis
placement components can then be used to calculate the shape of
the original membrane required to attain the desired final con
figuration.
The in-service phase can be considered as the superposition
of a linear problem onto the previous nonlinear problem posed by
the pressurization phase if one makes the additional assumption
that the initial pressurization has stiffened the shell sufficiently
that any additional deformations are small. For this case a
linearized theory has been developed (8) which, unlike classical
linear theory, incorporates the effects of the initial pressurization
stress in the governing equations of equilibrium. (9,12)
Any one of a number of numerical solution schemes can be
used on these equations to obtain the additional in-service dis
placements. From these the additional stresses can be obtained
by back-substitution into the stress-displacement relations. The
additional displacements are superposed onto the design configur
ation of the formwork in order to calculate the amount of deviation
of the membrane from the desired shape due to the weight of un
cured concrete. It is possible to consider a sequence of incre
mental in-service loadings (as in the spraying of several layers of
concrete) by continually updating the shape of the reference sur
face.
EXAMPLE PROBLEM

*Assoc. Prof, of Civil Engineering, Illinois Institute of Technology.
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The problem chosen to illustrate the application of the solution
methods described previously is that of the design of a formwork
for a segment of a spherical dome to be used as a cap for a one
million gallon cylindrical water tank as detailed in Chap. 4 of

R ef. 13. The dimensions of this 88.5 ft. span dome are given in
Figure 1. More detailed dimensioning and reinforcement details
are given in Ref. 13. This example was selected because 1) its
size corresponds to an intermediate span; 2) detailing data were
readily and generally available; and 3) it was possible to estimate
the cost of construction for this dome fo r both the conventional
method and for the proposed method. The fact that the example
is that of a spherical dome for a water tank is not detrimental.
The principles of analysis, the construction methods, and cost
estimates are equally valid for other shapes for other applications.
The design of the formwork for this shell is an interactive
process between analysis, design, and detailing. After preliminary
estimates of the construction process (described subsequently) a
mathematical analysis of form behavior is made. Based on the
results of the analysis, final details of the construction process
are then made.
It is assumed that the deflated formwork will be placed on
horizontal scaffolding attached to the top of the cylindrical tank
and inflated to an initial pressure of 0.75 psi while the weighted
edges of the form are allowed to slide along the scaffolding to
vertical stops mounted at the cylindrical edge. Then consecutive
rings of concrete o f the required thickness are sprayed onto the
formwork progressing from the edge up towards the crown. Si
multaneously the internal pressure is increased gradually to a
maximum of 1.00 p si. This was done to partially offset the de
formations induced by the dead weight of the applied concrete thus
minimizing the deviations from the perfect sphere desired.
The schedule of loading increments provided the input data to
the computer to calculate the various configurations and stresses
for the formwork during shotcreting. Three configurations assumed
by the formwork during erection are shown in Figure 2. Also shown

is a plot o f the crown elevation as a function of current location of
the gunning operation. It can be seen that the shell geometry after
completion o f casting is a close approximation to the desired spher
ical shape. At all times in the erection process the stresses were
less than 2 /3 of the advertised bursting strength of the commercially
available fabric (a single ply, vinyl-coated, nylon fabric) assumed
in the analysis. The stress and displacement results of the com
puter analysis were used to detail the construction process.
Once the initial meridional curve has been calculated, the
shell can be fabricated by first stitching together strips of plastic
so as to form conical frustra and by joining the frustra together
to form an approximation to the dome shape. Assuming a standard
roll width of 54 inches and accounting for 6 inch overlaps, one can
use the computer results to calculate the number and sizes of
strips required. F or this example, 11 strips were required for
the dome (2 additional strips are needed as discussed subsequently).
The dimensions and cutting patterns were selected so as to mini
mize wastage.
The assembled form is laid out on the inner edge of scaffolding
extending at least 73 inches (from computer results) inward from
the cylindrical wall. It is necessary to provide weights at the edge
of the form . This is obtained by adding two m ore strips to the
form and lapping them so as to form a circular tube 27 inches in
diameter which is then filled with water. The size of the tube is
calculated as follows: 1) the edge tension developed during pres
surization is 450 Ib/ft acting at an angle of 28°; 2) the vertical
component 211 Ib/ft is balanced by 4 ft3/f t of water with a density
of 6 2.4 lb /ft3 (total of 250 lb/ft provided); 3) 4 f t . 3 of area re 
quires a 27 inch diameter tube.
The horizontal component of edge tension is counterbalanced
by wire cables attached to the water tube at 15.5 ft. intervals and
leading through the stops mounted at the cylindrical edge to winches
at ground level. Based on a horizontal component of 397 lb/ft plus
a friction force between the water tube and scaffolding of 125 lb/ft
(= 0 .5 x 250 lb/ft vertical force), each winch and cable must pro
vide a force of 8100 lbs.
The interior is then pressurized to 0.75 psi by two 10,000 cfm
centrifugal blowers while simultaneously winding the cables on the
winch until the water tube is contiguous with the vertical stops at
the circular edge wall.
A gunning crew (foreman, delivery equipment operator, nozzleman, and assistant) then spray one inch of high-early strength
concrete onto the dome using a pneumatic feed, wet-mix gun and
a 125 cfm air com pressor. After three to four hours hooks are
nailed to the cured concrete and the steel reinforcement is attached.
Templates for subsequent gunniting are also placed at this time.
Final spraying of consecutive rings is done to build up the required
thickness of the tapered dome. A s each ring is sprayed the inter
nal pressure is increased, as discussed previously, to a total of
1 psi.
A comparison of costs of the proposed new method of construc
tion and the conventional method is given in Tables 1 and 2. It can
TABLE 1: CONSTRUCTION COSTS USING
CONVENTIONAL METHOD
Quantities
Total
Unit

Unit P rices
Inst.
Mat.

Amounts
Mat.
Inst.

Dome Forms (2 uses)
plyform + bracing
+ a ccessories
Interior scaffold
rental

74.2

100 SF

72.05

33.12

5346

2458

1700.0

100 SF

3.50

0.65

5950

1105

Exterior scaffold
rental

78.7

100 SF

13.50

5.80

1063

457

Concrete (1:2:4)
ready-m ix in place

62.4

Structural Steel Bars

2.0

CY
tons

7.15

18.00

446

1123

175.00

260.00

350

520

269

251

Structural Steel Mesh
(6x6x6/6 welded)

73.7

100 SF

3.65

3.40

Finishing

65.8

100 SF

0.06

-

Curing

65.8

100 SF

1.75

0.75

TOTALS

4

49

$13543

$5963

GRAND TOTAL = $19,506.
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TABLE 2: CONSTRUCTION COSTS USING
PROPOSED METHOD
Quantities
Total
Unit
Dome Forms (2 uses)
Material
Cutting

618-1/3
20

yds.
cuts

Unit Prices
Inst.
Mat.
1. 25
Lump

Amounts
Inst.
Mat.

2. 24

-

Sum

25
500

-

796

342

Assembly
Interior scaffold
and platform
59 100 SF 13. 50
5. 80
PressurizationGrouting, + blowers,
Lump
+ winches, + placement
Sum
Shotcreting
(20% waste)
SF
6580.0
0.70
0.65
Structural Steel Bars
2. 0 tons
175.00 260. 00
Structural Steel Mesh
3.65
73.7 100 SF
3.40
Finishing + Curing
65. 8 100 SF
1.81
0.75

2) a static electric treatment of some sort of the fabric, or 3) the
form could be sprayed with an asphaltic mix prior to shotcreting.
Study of this aspect of the problem should include an allowance for
the fact that the inflated form will not be stationary as the concrete
is applied but will probably be subjected to substantial dynamic lo
cal displacements because of the force generated by the application
of the concrete.
Another area which has not been investigated sufficiently is
the environmental stability of the coated fabric itself. This be
comes particularly significant if it is decided to leave the insulated
fabric in place as weatherproofing over the concrete dome after
the concrete has achieved its design strength. Many polymeric
materials including the vinyls are, for example, subject to deteri
oration upon prolonged exposure to ultra violet light. It has been
demonstrated, however, that the requisite analytical capability for
the design of such formwork exists and preliminary research points
toward the economic feasibility of the use of inflatable formwork
as an alternative erection scheme for concrete structural systems
in the urban environment.

1385

2500
4606
350
269
119

4277
520
251
49

TOTALS
$9165 $6824
GRAND TOTAL = $15,989.
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be seen the proposed method has a cost savings of $3517, or 18%
of the conventional method. All cost estimates were obtained from
Ref. 14.
In the conventional method the major cost items are 1) the
interior scaffolding required to brace the form and 2) the plyform
panels to fabricate the contact area of the form. Considerable
labor and wastage of material is involved in the construction of the
curved formwork from the flat plyform panels. In the proposed
technique the primary cost item is the shotcreting expense. The
unit costs given here for shotcreting are average figures provided
by different sources. However, they do include corrections for
labor and material wastage for overhead gunning. The labor costs
in both estimates include stripping as well as erection costs and in
both instances two uses of the forms were assumed.
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CONCLUSION
The advantages and cost feasibility of the use of inflatable
formworks for the erection of concrete domes have been given and
illustrated by a complete example of a spherical concrete cap with
a clear span of 88.5 ft. The use of inflatable forms eliminates the
necessity of filling large volumes with scaffolding in order to brace
the formwork. It also reduces the amount of field labor required
to construct the curved contact area of the formwork.
Using recently developed mathematical techniques, one can
accurately predict the fabricated shape for the fabric formwork
required for the erection of any prescribed concrete shell geome
try. Stress levels in the formwork can be predicted for all stages
in the erection process. Also the response, static or dynamic, of
the formwork to expected environmental loads, snow, wind, e t c .,
can be accurately determined.
Several aspects of the proposed building technique need to be
explored experimentally before the cost and field feasibility of the
technique can be completely established. Chief among these would
appear to be the characteristics of the bond between the gunned
concrete and the coated fabric. The fabrics are typically coated
with vinyl, a material which is not effectively wetted by water.
The bond between these two materials then would potentially seem
to be comparatively weak. Various factors could be investigated,
such as 1) the inclusion of a wetting agent in the concrete mix,
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MANAGEMENT PLANNING, SCHEDULING AND CONTROL FOR THE
CONSTRUCTION OF LOWER COST HOUSING
by
Harold Rothbart, P.E.*

The City of Ann Arbor is a university city located in the
southeast area of Michigan, the seventh most populous state in
the United States. Like many American cities, Ann Arbor has
experienced a large population growth in the last decade from
1960 to 1970. Its population has grown from 67, 000 to 99,797
(a percentage increase of 49%) in the past ten years. The large
population increase has created a severe demand for increased
city services. This applies to the normal functions of municipal
government including water supply, police protection, fire pro
tection, roads, building inspections, housing, parks and recre
ational facilities, traffic control, and financial administration.
Municipal governments, and in fact governments at all levels,
have to provide improved management capabilities in order to
meet the ever-increasing demands in America’s highly affluent
society.
We will discuss in this paper modern management techniques
to provide improved government capabilities in a particular area
of governmental concern, that being the provision of housing
needed in American cities.
The principal management technique discussed is the Critical
Path Method, which can be used for management, planning, sched
uling control of all city functions, including the provision of lower
cost housing. In addition, this paper will outline a model of the
use of the technique in a lower cost housing project in the city of
Ann Arbor, Michigan.
BACKGROUND
Ann Arbor, like most American cities, faces the problem of
providing housing for all segments of the community. The need
of housing is quite evident in Ann Arbor, a university city con
sisting of 32,000 students out of a total population of 99,797.
The nominal vacancy rate in the city of Ann Arbor has been 2%.
This is equivalent to an effective rate of 0% vacancy because of
the highly transient mobile character of the community (there are
many professors, educators, and researchers as well as students
who frequently move in and out of the community).
Throughout the state of Michigan there is a need for housing
as well. It has been estimated that in Michigan alone, there are
400, 000 units of housing currently needed to meet the demand
generated by increased population, new family formations, and a
greater level of affluence which provides the mechanism for in
creasing the desire for improved housing. In addition, during
the decade of the 1970’s, about 24,200,000 new homes will be
built in the United States, according to official forecasts. This
average of 2.42 million homes per year compares to 1.65 million
built during the decade from 1959 to 1968. This provides for a
49% increase in the annual national level of construction of homes
in the decade ahead. Part of this demand will most likely be met
by new technologies, such as pre-built housing, prefabricated
and modular housing. There will be an increasing involvement
and participation by the federal government in the supply of hous
ing through control of financing regulations, by development of
new technologies for housing, by influencing local government
jurisdictional controls over building codes and by initiating a
greater NATIONAL commitment towards the total housing prob
lem .
The Federal Government agency most intimately involved
with housing in the United States is the Department of Housing
and Urban Development. This agency is one of the twelve depart
ments which are in the Executive Branch of government. The
U.S. has three branches of government at the national level which
are designed to act as a system of “ checks and balances” on each

other. The three branches are legislative, executive and judicial.
(For an overview of the executive branch and the departments
within it see Figure 1.)
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HISTORY OF THE DEPARTMENT OF HOUSING AND URBAN
DEVELOPMENT
The Department of Housing and Urban Development was es
tablished by Act of Congress on September 9, 1965. The Depart
ment of Housing and Urban Development Act, which became effec
tive on November 9, 1965, transferred to the Secretary of Housing
and Urban Development all of the functions, powers and duties of
the Housing and Home Finance Agency (including the Community
Facilities Administration and the Urban Renewal Administration),
of the Federal Housing Administration and the Public Housing
Administration, and of the heads and other officers of those agen
cies.
The Declaration of Purpose of the Department of Housing and
Urban Development Act declares that “ the general welfare and
security of the Nation and the health and living standards of our
people require, as a matter of national purpose, sound develop
ment of the Nation’s communities and metropolitan areas in which
the vast majority of its people live and work. ”
To carry out this purpose, the Congress charged the newly
formed Department of Housing and Urban Development with the
responsibilities of administering all of the Federal Government
programs which provide assistance for housing and development
of communities, assisting the President in achieving maximum
coordination of all Federal activities affecting community devel
opment and housing, promoting state, regional and local coopera
tion in matters relating to housing and community development,
and encouraging solutions to the problems of housing and develop
ment through state, county and local government as well as private
action.
HUD FINANCED HOUSING PROJECT IN ANN ARBOR, MICHIGAN
One of the programs by which the U.S. Department of Housing
and Urban Development assists urban areas in the construction of
lower cost housing is called the “ Turnkey Method” . Under this
method, a local housing authority in cooperation with the Depart
ment of HUD acquires land and seeks proposals from developers
for construction of a lower cost housing project. The developer
to whom the contract is awarded constructs the project in com
pliance with local and federal specifications and requirements
with private financing. After the project is constructed, and if it
meets the requirements of the local housing authority and the
Department of HUD, the developer is paid with federal funds and
the deed is turned over to the local housing authority.
The Turnkey Method was used by the City of Ann Arbor,
Michigan for the construction of a lower cost housing project

’'‘Assistant City Administrator, City of Ann Arbor, Michigan.
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NON-OVERLAPPING NETWORK MODEL FOR LOW COST HOUSING PROJECT

Fig. 3
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Finish. These are defined as follows:
EARLY START DATE - The earliest calendar date or time
that the activity can be started. This depends upon the completion
of activities that must occur prior to the work activity under con
sideration.
EARLY FINISH DATE - This is computed as the earliest
start date of the activity plus the duration time of the activity.
LATE START DATE - The latest date that the activity can
start without affecting the total duration of the project.
LATE FINISH DATE - The latest date that the activity can
finish without affecting the total duration of the project.
The calculations for early start, early finish, late start and
late finish dates can be made by adding the dates along the prec
edence network activity paths and the various work flow lines. In
addition to the manual calculations method, the computer can be
programmed for ascertaining all of the data needed. Figure 4
represents the scheduling and control information as produced by
using a computer.
Another beneficial aspect of the Critical Path Method in ad
dition to scheduling is the control function. For example by
reviewing Figure 4 many important questions in management
control of the project can be answered, such as:
(1) Question: What is the start date of the low cost housing
project?
Answer: The early start date is January 26, 1970. This is
activity 02, “ Start Low Cost Housing Project. ”
(2) Question: If the project starts January 26, 1970, when would
it be finished?
Answer: The earliest finish date is November 26, 1971.
This is work item 82, “ End of Low Cost Housing Project. ”
(3) Question: How long will the project take from start to finish?
Answer: The total project duration is 670.0 calendar days.
(4) Question: What are the critical activities for the project?
That is, which activities should not be delayed or else it wiU
affect the project completion date?
Answer: All those activities which have a finish float time
equal to 0.0 are critical activities; for example, the activities
listed below do not have any float time. This means that their
delay would affect the project completion date. Activities or
work items with no float time include 02, 08, 12, 16, 20, 24,
30, 34, 38, 46, 50, 54, 58, 64, 68, 70, 72, 76, 78, 80, 82
(see Figure 4). The activities listed above are the project's
critical activities and they comprise a chain known as the
Critical Path. The Critical Path is the chain of activities
which require the longest amount of time for completion. Any
other path through the projects takes less time and therefore
is not critical to project completion.
(5) Question: If work item “ Receive Land Proposals” is delayed,
how will this affect the project?
Answer: Work item 14, “ Receive Land Proposals, ” has a
finish float time of 15.0 days. Therefore it can be delayed a
maximum of fifteen days before it will affect the project com
pletion date. If it starts later than April 21, 1970, it will
delay completion of the entire project. To avoid this, the
activity must start between March 31, 1970 (Early Start Date)
and April 21, 1970 (Late Start Date).

which was recently completed. The project that we are consider
ing is a 105 unit High-Rise Structure for the Elderly and Handi
capped. The 105 units consist of 102 apartments with one bedroom
each and three apartments with two bedrooms. The total project
cost was $1,600,000. A photograph of the project as completed
during the month of December 1971 is shown in Figure 2.

Fig. 2. High-Rise fo r the Elderly and Handicapped, A nn A rb or, Michigan

MANAGEMENT FOR HOUSING CONSTRUCTION
The Critical Path Method is a management technique which
can be utilized to optimize the planning, scheduling and control of
any process. In this case, we are discussing the utilization of
this technique for the 105 unit high rise structure constructed for
the elderly and handicapped in Ann Arbor, Michigan.
The first item to be performed utilizing the Critical Path
Method (CPM) is to determine aU of the activities required to
construct the project. This process models the entire project
plan and is a useful tool in conceptualizing the work flow. The
next step in CPM is to draw a diagram of all construction activi
ties to show the relationship between the required activities.
This diagram is known as a precedence diagram because it shows
those activities that must be completed preceding the start of
other related activities.
The precedence diagram for the high rise housing project in
Ann Arbor is shown in Figure 3. This diagram is entitled “ NonOverlapping Network Model for Low Cost Housing P roject” be
cause it shows every single activity that must be accomplished on
the project before it can be considered completed. (Another type
of precedence diagram is the “ overlapping network model” which
groups activities and shows the work process in less detail.) The
non-overlapping network model would be the type of diagram used
for detail work by a staff member such as the project construction
engineer or Director of the Housing Commission. The overlapping
network would match the interest of a higher level of management
and responsibility. In the case of the Ann Arbor High Rise for the
Elderly and Handicapped, the overlapping network would be utilized
by the Mayor, City Administrator, Housing Commission and City
Council. In a private organization, the less detailed overlapping
network would be utilized by such people as the Chairman of the
Board, Company President, Chief Financial Officer or Division
Supervisor. The precedence or process diagram can be consid
ered the planning phase of the Critical Path Method.
After the precedence diagram or project planning phase is
completed, the scheduling and control phase of the Critical Path
Method can be initiated. By assigning calendar work days for the
completion of each work activity, the start and finish dates for
each activity can be ascertained. A review of Figure 4 shows
such items as Early Start, Late Start, Early Finish, and Late

The Critical Path Method is one of the best techniques avail
able to optimize and improve the management process. Any process
that requires planning and scheduling as weU as management con
trol can be aided by CPM. The CPM method can aid in achieving
on-time construction of a project at minimum cost and maximum
efficiency. It can be implemented to aid management in decisions
required due to changes in plans, contingencies, financial con
ditions, manpower availability or any factor that would influence
the project.
As demonstrated by the construction project which was mod
eled for the Ann Arbor, Michigan High Rise for the Elderly and
Handicapped, the Critical Path Method is a management tool which
provides widespread benefits to all participants at various levels
of management responsibility.
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OBSERVATIONS ON SOCIAL AND PSYCHOLOGICAL DETERRENTS TO THE
PRODUCTION OF LOW-COST HOUSING IN THE UNITED STATES
by
E.

A. Chamberlain, AIP

The problems of “ Housing” are dynamic and my title
“ Observations” hopefully leaves room to maneuver when this
paper is presented some five months after it was written. The
points I have focused on have been selected for their potentially
long-term influence and may therefore remain current.
While I will limit myself to the “ Housing” problem in the
United States, I feel there is a world-universality to the character
istics of such problems.
We are here to direct ourselves to only one aspect of a much
larger problem. The larger problem is urbanization and growth
in a limited environment — that is , “ How can there be an equitable
distribution of goods and services among the world’s populations?”
Each country is faced with fighting for all they can get. At
this point one should consider the current conflicts over social
delivery systems within and between the government controlled
and private market economic systems of the world.
By most standards the U.S. is a young country still trying to
forge a single nation from a system which did not start out that
way. The U.S. is a confederation of separate states in which
there never has been full equality. There is, however, the free
dom to shop around and live in the best State from each individual’s
point of view.
It is this very freedom that is to a degree the heart of the prob
lem in this country. We have come to expect all states to be
literally equal in all aspects of the so-called “ good life” . This
same expectation exists now between nearly all countries in the
world. The sheer numbers of new countries coming into existence
almost totally precludes many of them from achieving their goals,
now or in the future.
At one time this same problem could be seen among the
European city-states. Through wars of attrition, viable associa
tions were created which met the needs of the times to provide
social and economic security for the most people.
The idea of social freedom and the return to nationalistic
identities must somehow be attached to economic feasibility and
the levels of responsibility associated with such a choice. U.S.
and world frustrations are the result of such disassociative
thinking and a blind attitude of not wanting to be bothered with the
details. All these situations of state-to-state and nation-to-nation
competition are the same now as they were a thousand years ago.
The reasons are identical and the arguments the same; only the
scale of the conflicts and needs have been enlarged.
In growth-oriented societies no one caters to the low end of the
economic productivity ladder — it simply is not identified as a
good investment with a “ blue-chip” rate of return.
There are some major social and psychological deterrents
which underline the resistance to production of “ Low Cost Housing”
in this country and the world.
THE LANGUAGE OF THE DISCUSSION
In any discussion of “ Housing” in the U. S. one should define
the term lest it be confused with the home-building industry.
Drawing upon a brief definition o f “ Housing” presented in the
Preface to the proceedings of the first housing symposium in
October 1970, it would be well to reiterate that “ Low Cost Housing”
is synonymous with “ Lower Cost Housing” and “ Housing for
Lower Income Families” . Stated more specifically, “ Housing”
is for the poor and the lower side of the middle-income group. It
is best typified by the term “ Public Housing Project” .
In almost every area of public concern there is an advocacy
group which in its frustration to achieve its own ends will resort to
almost any tactic. The most recognizable of these tactics is the
language of crisis, conflict and vengeful apocalypse of an angered
God. It is unfortunate in some cases that the sun comes up and
nothing happened. California did not sink into the Pacific Ocean!
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“ Housing” should be related with honest need, not with associated
social evils.
The problem of language is not only how it is used, but what it
means. The idea of a decent house or “ housing” unit being the
right of every citizen of the U. S. or the world is in itself a very
confusing thought. Decent by whose standards? Even an “ adequate
housing unit” would be hard to define, but it could be better
described.
“ Adequate” could be related to the purpose of a house which is
to provide shelter from the vagaries of weather, climate, protec
tion from dangers and the local social requirements for privacy.
All these are relevant to some rather closely confined geo
graphic and social constraints. It is detrimental to achieving a
basic level of housing among the countries of the world without a
ready cross-reference to describe national or intra-national re 
quirements for local “ Housing” adequacy.
SOCIAL VALUE CONFLICTS
The historic U. S. and possibly world social attitude towards
a house or housing is that it is a goal to be achieved, a reward, in
fact, for productivity or business accomplishment.
Basic attitudes and conditions have not changed to allow for
a more optimistic interpretation to influence the development of
“ Housing” in the United States.
Again in a growth economy, the social pressure is to contri
bute, that is, to work. The larger group goal is upward social
mobility and economic achievement. As the numbers of people
unable or unwilling to achieve goes up, the gap between haves and
have-nots widens.
This situation is active in all developing nations around the
world and varies as to who can achieve and what is the measure of
achievement. At what price is one individual allowed to gain social
benefits over and above his contemporaries? Should everyone have
the right to fail or should a prescribed measure of success in
housing be guaranteed, no matter what else may be different?
The idea of the detached single family house on a private lot
has its greatest expression in America and is in a close race with
the automobile as the major force compelling our economic system.
A house is a strongly held social goal and as such is strongly
promoted by all our communications media. General success and
social status are measured by the house one is able to acquire and
maintain. This is not new — what is new are the numbers of
people now living in private homes. These are not necessities,
but goals achieved. The provision of housing as an item of public
service — particularly well-designed high amenity residential
space — goes against the grain of the social delivery system
wherein such a house is considered a reward for achievement in
one’s line of work.
“ A decent house for all Americans” is a good political slogan,
but not a goal which all Americans are willing to provide to the
least productive segments of our society.
So what we have is the previously defined “ Housing” — not
very good and not really meant to be very good. The degree to
which some “ Housing” may be good can usually be traced to the
specific efforts of some one or two dedicated people in a position
to influence the project.
“ Housing” is multi-family relatively high density apartment
type living quarters. Low and medium income housing is for the
racially or economically disadvantaged. In either “ Housing” or
apartments the concentration of large numbers of persons is be
coming objectionable. There is a widely held theory that these
people do not pay their way as regards community services and
that they put a drain on the local school system. Neither is neces
sarily true!

Nonetheless, to overcome local objections, builders and
managers exclude children and try to serve the expectations of
only high income tenants. As a business venture the goal is to
get the project approved, built and paying return on investment.
It is a money-making business, not a social welfare program.
Lest I be accused falsely, let me say that I am not opposed to
the goal of a decent house for every American or everyone every
where. What I ’m attempting to do is to suggest why we aren’t
achieving the goal here and elsewhere and to recommend we redirect
our program emphasis.
There are those who would focus on racial discrimination as a
social deterrent to housing and I admit that they are correct. It is
not unique to this country and is a diversionary tactic in any case.
Economic stratification is easier to define and affects everyone
regardless of race, creed, color or national origin. To a great
degree, only the racial antagonist, black or white, insists on con
tinually interjecting this intangible into an otherwise solvable prob
lem.
“ Housing” is not a “ black only” racial problem. It is a
problem of economically disadvantaged groups, no matter how they
got that way.
BUSINESS AND ECONOMIC DETERRENTS
The goal of a “ decent” house for every American is not so
socially motivated as it is economically motivated.
Think what six million new homes are worth to the national
economy at (let’ s say) $22,000 average cost per sale unit at 8%
for 30 years. For each individual unit the tab amounts to roughly
$58,000 or a whopping $348 billion nationally.
Since very few units actually are fo r sale at that p rice, this
is a very minimum estimate. The catch in all this is that the
assumption of worth rests on the word “ sale” . Any of these units
that go into “ Housing” , public or subsidized, become units of cost
which relate to loss rather than profit.
Current economic restraints, in which rents may be raised 5%
per annum and credits are all to the landlords, puts renters whose
earnings are more restricted at a decided disadvantage to achieve
equity in their choice of rental housing.
“ Housing” advocates have an interesting thesis which runs
something like this: “ Large corporations make more profits than
they are entitled to and should, therefore, give a tax exempt amount
(best determined by the advocate) to a non-profit housing corpora
tion who will then build “ Housing” in direct competition with the
private market housing development corporation who must make a
profit or go out of business since they have no other source of
income.
Right now all “ Housing” is potentially government owned, which
presents an interesting situation. An increasing number of people
are faced with living in government housing, yet the federal govern
ment now wants out of the landlord position at a time when private
market builders refuse to enter the low income market which they
know exists.
Compared to sheer numbers of people involved and the relative
degrees of inadequacy which exist, housing problems in other
countries of the world are far more compelling than those in the
U.S. Few countries of the world, however, have such high ex
pectations for individual housing quality. Ironically though, we
rarely achieve as much quality designed “ Housing” as do other
countries. We are forever making the grand tour of European
housing projects and new towns which we somehow equate to design
differences rather than the real differences of political and economic
systems.
Most of our recent attempts at solutions through building
systems seem to focus on the wrong areas. For all the support
being given to the Operation Breakthough experiment, large scale
housing has yet to be a reality as regards numbers of families
housed. Breakthrough is now more significant for forced minority
employment than housing produced.
Repeated research indicates that construction costs are not
the high item in the home building cy cle, but rather the money
costs are the real problem. No comparable efforts to that of
“ Breakthrough” have been aimed at the money problem. As a
matter of fact, no small part of “ Breakthrough” problems have
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been centered around escalating money costs — not just the stan
dard business inflation. The social-psychological attitude toward
“ Breakthrough” from financial interests has been that of just one
more building project.
Building trades employment is now more sought after for a
small percentage of the minority population than low-income
housing for a growing economically-deprived segment of the total
national population. Ill-housed groups are going to remain ill—
housed, because a minority contractor will not build unprofitable
buildings any more than his non-minority counterpart. He will go
for the high profit business also, although of necessity he may cut
his teeth on low-income housing because he will be able to cut
corners where few people will be looking.
The plea for low -skill jobs and the effort to industrialize the
home building industry are basically in direct conflict. On one
hand, we demand labor intensive programs and on the other we
demand increased industrialization. The current need for jobs is
the result of the success o f our industrial revolution. We have
spent the last 100-150 years devising ways to eliminate manual
labor. We constantly describe the construction industry as the
last bastion of craft industry. To now saddle the effort to indus
trialize the housing industry with labor intensive requirements is
one of the surest ways to doom its greatest single potential for
success. Until this mutually exclusive dichotomy is resolved,
relatively few low-income housing units can be expected.
Any number o f instances can be cited where local banks have
created mortgage loan risk pools, but then evaluated loans on a
normal basis and few loans, if any therefore, are made. Such
experiences readily become ammunition amongst the financial
community to suggest such assistance is not really needed. The
standard reporting of economic measures of productivity in the
construction field lists com m ercial, industrial, institutional and
housing starts and dollar value of starts in each area. Percentage
increases are looked to as measures of success.
“ Housing” in this reporting means single family homes and
high rent apartments. Public housing is not included. Current
first-of-the-year estimates for St. Louis County, one of the fastest
growing in the nation, are for 11,400 new living units to be built
in 1972, up 7% from 1971. The average value of the 1971 units was
$32,000 each.
At the same time the County recently lost an allocation for 330
units of proposed federally-assisted housing originally authorized
in 1969 and never utilized.
The Home Builders Association in St. Louis County indicates
that if they are enabled, by a change in the zoning ordinances, to
increase the minimum lot density from 7,500 sq ft to 1,800 sq ft
per unit they can get houses down to an average of $22,000 with an
estimated absolute minimum of $18,000 at $140 per month which
equates to 8 1/2% interest over 30 years.
Open-housing and new building code issues were soundly
defeated in the November 1971 Referendum in St. Louis County and
this fact does not bode well for significantly major changes in
residential density.
The net effect is that defacto economic segregation exists in
this case and low to moderate income housing is not being built.
The question arises as to whether this is a civil rights problem
under our free enterprise form o f government. Whether all
economic groups must be accommodated in all geographic areas
by government decree questions the existence of a free enterprise
system.
CONFLICTS IN GOVERNMENTAL ADMINISTRATION
Except for the negative policies of FHA during the post World
War II period which helped create suburbia by default, there has
been no consistent positive national or state policy toward the
provision of low-income housing in the U. S. Even the FHA
mortgage loan program allowed the home building industry to act
as a free-market economic enterprise.
Current national policy has tied HUD/FHA money to social
goals in direct conflict with the autonomous free-market economy
in which the home-building industry still operates. No realistic
means has been established to allow a builder to get economic
credit for meeting below-market needs for low-income housing

units. He still must do it and make a business profit or go bankrupt.
Mounting pressure for reduced welfare spending will rob
the only current economic means of getting low-income people into
new housing — the rent supplement programs. National social
bias against even these programs is indicated by the limit of 20%
eligibility. Only 20 of every 100 units built are eligible and
therefore open to low-income tenants.
Recent experience in St. Louis development projects and in
the City’s housing program reveal the conflicts and frustrations of
providing development policy and financing.
A recent project approval for “ 236 Housing’ ’ next to the
infamous Pruitt-Igoe project was for 166'units at $200-$400 per
month rentals on three and four bedroom units. Rent supplement
will get these down to $150-$180 per month for only 33 units —
neither of these rental levels meets the need of low-income
tenants — and who else is willing to live there? Default on these
wrongly marketed units is almost guaranteed to put them into
governmental housing status at a loss!
For the growing group of economically disadvantaged who are
above the poverty line, yet still unable to buy a house, a new pro
gram was heralded into being in March 1971, titled “ Housing
Opportunity Allowance Program’ ’ (HOAP). The federal govern
ment, which allocated $85 million for the program, hoped this
action would quiet the growing resentment being voiced by families
who were not included in federal subsidy programs for housing
because of higher incomes.
Its purpose was to knock off $20 a month from a mortgage
payment, over a five year period, for families with incomes up
to 50 percent over limitations now placed on the Federal Housing
Administration (FHA) Section 235 home ownership plan. As of
the end of September 1971 only 3,163 of a national total of 61,200
loans available had been made.
Local lending institutions were required to have sufficient
borrowings from local federal home loan banks so that interest on
advances would equal HOAP interest credits.
The problem here is that the program does not reflect the
economic situation in which it is to operate, as many associations
have no FHL bank borrowings and are not interested in getting any.
Many do not believe the program is proper outside HUD-FHA or
the Veteran’s Administration. Again, a social conflict operating in
financial constraint of “ Housing” .

107

This same feeling is reflected through the reluctant acceptance
nationally of savings and loan associations for FHA or VA mortgages.
Many association officers refuse to deal in these loans, and the
association has only 12 percent of its total mortgage loan portfolio
composed of these federally-subsidized or guaranteed loans.
One questions whether hit or miss governmental programs that
do not mesh with the operations of the business packaging of housing
developments are anything but mounting frustrations to an expectant
public.
Under our current form of national government only the threat
of withdrawal of funds has any real effect on local acceptance of
national programs aimed at providing nationwide levels of quality.
We are in the insane position locally of not solving problems so
that we can remain eligible for federal funds to help us solve our
problems. No one seems interested or capable of addressing
himself to this situation without circling the field and coming out
where he started.
This country was not built by government decree and it cannot
be rebuilt by government decree, unless we change our economic
system. The government has made its point — there is a need for
low and moderate income housing and it is recognized by the private
market investors and developers. The problem now is how to get
government out of the way and let the free market work.
Current interest in revenue sharing will reinforce regional
parochial attitudes rather than singular national policy, and utter
chaos is due if the then financed regional variations are not an
acceptable outcome.
Currently, the outcomes of local referendums which do not
reflect national policy are either being taken to court on grounds of
constitutional rights violated, or placed on the ballot by selfappointed bureaucracies until the constituents are worn into sub
mission. We are at war with ourselves, and if we don’t stop we
will lose.
In the meantime failure programs are being shifted from the
local level to the metropolitan level. This should give us a five
to ten year justification for not being able to solve our urban
problems.
As far as low and moderate income housing is concerned, we
are more likely to export a packaged house than to make it com 
petitively available for occupancy in our own country. Maybe we’ll
even begin to import “ Volkshausens” !
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THE HOUSING COST PROBLEM

by
Vasily Kouskoulas, Ph.D.* and Barbara Burstein, Ph.D.**

INTRODUCTION
The availability and quality of housing is to a great extent a
measure of success of the social, political and economic systems
which characterize a given society. They both depend on cost as
related to the multitude of socio-economic variables and for this
reason the cost of housing has received considerable attention as
is evident from the sample of selected references (1) to (6). It
presents a problem of first order for which there is neither a
simple nor unique solution. Governed by the principle of reality
of change (thesis - antithesis - synthesis) as sustained by social,
economic and technological interactions, it is a problem subject
to control rather than definite solution.
The objective of this paper is the formulation of the housing
cost problem. A well formulated problem is a necessary condition
for a solution or set of control techniques with well determined
advantages and disadvantages. It involves the selection and dis
cussion of the most important variables affecting cost, the formu
lation of the cost function, the determination of the constraint
relations affecting the variables and the statement of the problem.
The discussion of the cost variables, the construction of the
cost function as well as the investigation of the constraint conditions
are qualitative and from a mathematical point of view quite general.
The specific form of the mathematical relations and the quantitative
measurement or estimation of the parameters involved, as well as
the solution of the optimization problem, are subjects of future
work and investigation for which the present one lays the founda
tion. However, the difficulties of the problem, the philosophy
necessary for its solution and the limitations inherent in ideas
concerned with low-cost, low-income housing or with particular
aspects of housing apart from the content of the total problem and
its macro- and micro-economic nature are investigated and dis
cussed.
To meet the given space constraint while working to optimally
present the results of this investigation, it was necessary to make
the discussion of a number of important points brief while ensuring
clarity by reasoning on the basis of explicitly stated definitions.
BASIC CONCEPTS
The primary objective of this investigation is the formulation
of the problem of the cost of housing. In the accomplishment of
this objective, the first step is a formal definition of certain con
cepts useful for analysis and synthesis.
Housing may, in general, be defined as a physical system
which satisfies a multitude of social and economic needs. In the
social sense, housing reflects values and satisfies certain devel
oped social needs. In the strict economic sense, housing is defined
as a durable and measurable commodity.
As a commodity, housing presents the familiar problems of
production, distribution and quality control during the process of
production and maintenance. Production is the process where
material and labor inputs are blended together to produce housing.
The methods of production and the qualities of material and labor
define the housing technology. The technology in turn does not
develop independently of social values, however these values may
be generated. Indeed, there is a mutual interaction between hous
ing technology and social values. This is important in the deter
mination of the quality of housing. Social values of a given society
at a given period dictate a minimum quality of housing that tech
nology is able to produce. Accordingly, a housing system must
satisfy at a given period a set of minimum standards of habitation
compatible with the social and economic values of its environment.
’•'Civil Engineering Department, Wayne State University, Detroit,
Mich.
♦♦Trust Department, Research, National Bank of Detroit, Detroit,
Mich.
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The problem of distribution is more complicated than any other
problem in housing. Its acuteness is accentuated by the mingling
of established social and economic institutions in the process of
distribution. Unless the concepts involved in this process, which
is a source of influence on the quality, cost and supply of housing,
are well defined, the problem cannot be wisely formulated.
The housing market is here identified as a geographical area
of well defined boundaries where a series of negotiations is taking
place among buyers, sellers, lessees and lessors of housing units.
The units will be promptly introduced after the market character
istics are discussed. The market provides competition among
suppliers and buyers which is by no means perfect or completely
free in the sense of laissez-faire. This implies imperfect infor
mation, a small number of competitors and the existence of con
trols. Under these assumptions, individual competitor actions
and the exercise of controls can influence the market. Deliberately
the controls are not identified so that they are interpreted in the
general sense as being capable of directing the market along de
sired paths. They must, however, emanate from bodies of policy
and decision making, however these bodies are selected.
Housing as a durable commodity incorporates the ideas of
quality, quantity and lifetime. These ideas are measurable. The
quality may be measured by means of a properly selected physical
unit such as square foot, room, apartment unit, etc. depending on
the type of housing system. The quality, on the other hand, is a
more subtle idea. To begin with one may set the minimum stan
dards of habitation of a given period as a lower bound for the
measurement of quality. After this, one must be careful not to
confuse the quality of housing with the cost of housing or the short
run costs with the long rim costs of housing to the consumer and
to the total society. The conventional error of confusing quality
with luxury and the fallacy that the cost of housing increases with
quality must be carefully avoided.
To clarify the above statements consider that higher quality
implies longer lifetime for housing which may compensate for the
higher costs of construction and maintenance, resulting in lower
long run costs. This shows how the lifetime of housing helps to
define the relation of quality to cost and to avoid the fallacy that
higher quality implies, with no qualification, higher costs. Like
wise the minimum standards of habitation introduce a reference
level of quality and permit the determination of the level of quality
of a given system as well as the determination of its factor of
luxury. This factor measures the additional cost of housing that
results from the use of materials and items which do not improve
quality but satisfy individual tastes of aesthetic value which are
not economically feasible to all and probably not desired by the
majority. Thus, quality and luxury are clearly differentiated and
the mingling of the corresponding costs is avoided. The existence
of housing systems of different quality is accepted and two housing
units of different quality imply that the unit of higher quality either
lasts longer or offers more comfort or both but in no way suggests
by necessity higher cost.
Speaking of the lifetime of a housing system it is wise to dis
tinguish between useful and idle life referring to the periods of
occupancy and vacancy. This is directly related to cost and the
minimization of its idle life appears to be a necessary condition
for optimization of housing cost. Furthermore this division sug
gests the presence of specific information systems for the efficient
operation of housing markets.
The lifetime of a housing system should be measured by the
period from its availability for occupancy to the moment when the
cost of maintenance of the system at the minimum standards of
habitation make the alternative of its replacement by another sys
tem more economical. Under this definition quality is related to
the lifetime of the system and it becomes clear that there is rather
an optimum quality that minimizes cost than a proportional rela
tionship between quality and cost. Furthermore by the introduction

of the element of time, the concept of cost becomes a meaningful
measure of quality with respect to comfort. Thus, a housing sys
tem is quantitatively measured by a number of physical units whose
quality is reflected in its lifetime and the standards of habitation
which it satisfies.
It seems fruitful now to be concerned with the cost of a housing
unit of certain standards per unit of time. Otherwise, the total
cost of a housing system or the cost of a housing unit with no re f
erence to time or quality reflected both in the lifetime of the sys
tem and the habitation standards is meaningless and inappropriate
for mathematical formulation and for quantification of concepts.
In what follows, unit cost should apply to a housing unit satisfying
certain standards of habitation per unit of time unless otherwise
specified. From the point of view of the consumer, this refers to
the value of the alternate goods sacrificed by the consumer for the
use of a housing unit of certain quality as defined by a set of habi
tation standards per unit of time. In this sense the use of the word
cost is justified.
Speaking of cost, its magnitude cannot be ignored nor can it
be labeled as high or low with no reference to a meaningful base
or foundation. This is the omission present in the conventional
clich£ of low -cost housing, low er-cost housing, industrialized
housing and many other ones in fashion today. They all lack a
useful frame of reference. To avoid this error and qualify the
cost of housing, one should speak of the optimum cost of a housing
unit per unit of tim e. In essence it is the minimum cost of housing
under the prevailing socio-econom ic constraints. This minimum
may not be optimum for the consumer who prefers the minimum
cost that will optimize or maximize his welfare. To equalize the
optimum cost of a given moment to the optimum cost of the aggre
gate consumer one will have, in general, to modify the constraints.
This suggests to the policy makers that contraints dictate the cost
of housing to a great extent and unless they become tools of con
trol, the existing optimum cost whether attained or not may always
be higher than the desired optimum.
While the optimum housing cost under a set of socio-economic
constraints can be determined with no reference to any basis as to
whether it is high or low, the optimum housing cost for consumer
welfare in order to be meaningful needs a frame of reference. If
income is chosen to be the frame of reference, the optimum cost
of housing to the consumer may be defined as that portion of his
income which must go into housing to maximize his welfare.
What is suggested by the thinking just expressed is clear.
The concern of the present investigation is the formulation of a
problem whose solution will give the minimum cost of housing that
satisfies certain standards of habitation under a set of socio
economic constraints. For this cost to be equal to the minimum
cost that will maximize the welfare of the consumer of a given
level of disposable income, the policy makers will have to use
the constraints on the variables that determine the cost of housing
as tools of decision making. In addition, housing systems may be
classified meaningfully on the basis of style which determines the
unit of quantitative measurement, on the basis of quality as related
to time and comfort and on the basis of luxury whose additional
cost goes to the satisfaction of aesthetic social values with no con
tribution to the lifetime of the system at all.
FORMULATION OF THE PROBLEM
Now that the basic concepts and definitions pertinent to the
subject in question have been introduced and discussed, it is pos
sible to proceed to the formulation of the housing cost problem
without need of explanations that disrupt the continuity of develop
ment. These concepts are not only innovative for the subject of
housing but they are suitable for mathematical formulations and
measurements. Their mathematical modeling in this and the
following section is a good testimonial of their suitability for
adaptation in the quantitative solution and control of the actual
housing cost problem.
In formulating the problem, one may begin as follows. To
any given society at any moment corresponds an actual and an
optimum housing system. Assume that the same society has a
decision making body concerned with making the actual and the
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optimum housing systems identical. The actual system is char
acterized by a state. Its state is defined by a set of variables
such as the number of the housing components, the number of
physical units in each component, the quality of the physical units,
the lifetime of each physical unit, the total number of the available
physical units, the cost of each economic unit, to mention only a
few and the most important ones from the multitude of the state
housing variables. It is clear that given what they are, one has
no control over the state variables of the housing systems.
The state of the system may be affected by the decision mak
ers. For example, the decision to change the mortgage rate of
interest or to finance new housing projects changes the state of
the system. The result is a new state characterized by state
variables of different magnitude and by new unit and total housing
cost values which depend both on the previous state and on the
decision of the policy makers as reflected in those quantities that
can be controlled. These may be appropriately called the decision
variables. The tranformation of the state and decision variables
to a new state is achieved via the market mechanism of the sys
tem. It is of interest to note that what follows is not tied to any
specific market.
From the above observations one may choose to define the
state and decision variables as the inputs and the new state vari
ables and the total cost of housing for a period as the outputs of
the system. The housing market determines the transformation
function of the state and decision variables which leads to a new
state and a new total cost value. The new state variables are
blended with new decision variables to give new outputs and the
process is repeated as long as the members of the human society
remain domesticated. What needs probably to be explained are
the objectives of the decision makers and the information or cr i
teria on which they determine the types and the magnitudes of the
decision variables.
Every member of a healthy society is entitled at all times to
decent housing. By decent housing one here implies a number of
physical housing units that satisfy at least the minimum standards
of habitation. Furthermore another sign of a healthy society is
its ability to satisfy the housing needs of those members who can
afford to pay for housing of a quality above the minimum. Whether
it is politically or morally just that some members of a society
may enjoy housing of better quality than others is irrelevant to
this work. What is relevant is the fact that allowing for this case,
which characterizes all societies, by assuming from the beginning
the presence of various qualities of housing, the results are more
general.
It follows now that the first objective of the decision makers
is to cause the system to satisfy these two basic premises by
properly choosing the types and the magnitudes of the decision
variables. This obviously necessitates from the decision makers
a knowledge of the supply and demand for housing as well as an
understanding of the market mechanism of the system. However,
neither a perfect knowledge of supply and demand nor a perfect
understanding of the market behaviour are sufficient to fulfill the
objective. The available resources, the housing technology and
the state variables in general are constraints which result even
under optimal decisions in an optimal or minimum cost for hous
ing o f the minimum standards of habitation that either exceeds
the ability of low income members to afford it at all or puts such
strains on their budgets that their welfare is radically affected.
Accordingly, the second objective of the decision makers is to
optimize the long-run housing costs to the society. Their third
objective is to satisfy the two basic premises in the shortest pos
sible time at a cost that will allow the consumers of the lowest
disposable income to maintain a level of welfare above some es
tablished minimum.
The conclusion from the above discussion is clear. The
decision makers are confronted with a formidable problem. The
problem may be stated as follows: Given a set of socio-economic
constraints, optimize the long-run housing cost to the society
characterized by the housing model described in the above para
graphs. Optimization implies minimum housing cost at a level
which allows the consumer to maximize his welfare above some
prescribed minimum at the earliest possible time.

Considering the above analysis the problem just stated may
be beautifully expressed by a multistage decision model. Ac
cordingly, if Sj denotes the state variables at period tj and Di the
decision variables for the same period the transformation function
of the system may be denoted by Tj(Sj,Dj). This defines the out
put Si+i = T^Sj,Dj) which provides the state variables of the sysfor the ti+1 period. Likewise the input decision variables for the
period tj+j are Dj+1 with output denoted by Sj+ 2 - At each period
the system is characterized by the total housing cost which de
pends on the state variables, on the decision variables and the
output. Thus at periods tj and ti+1 the system is characterized
by the total housing cost functions Cj(Sj,Dj, Sj+j) and Cj+ j(S j+ j,
Di+1> Si+2) which measure the total cost to the society for housing
at the corresponding periods. A schematic representation of
these ideas is provided by the following multistage decision model

can be presented with no difficulty. This, however, is part of the
solution and remains out of the scope of the present investigation.
The problem posed in the above paragraph is a simple version
of the more general optimization problem discussed in this section
It is limited only in the sense that it has not taken into account all
the constraints presented by the problem. Nevertheless, the most
important of the constraints may be easily included to render a
meaningful and realistic solution. Indeed, the constraints that the
output exceeds a certain level determined from demand estimates
or that the unit cost should not exceed a certain amount consistent
with welfare criteria based on disposable income and many others
may be included by proper extensions and modifications of the
general quantities of the problem.
THE HOUSING COST FUNCTIONS
From the previous discussion and formulation of the general
optimization problem, it is clear that the cost function or functions
define the general objective criteria on which both the decisions of
the policy makers and the performance of the system are judged.
Even outside of the content of the total optimization problem they
are meaningful and useful. When properly constructed they are a
measure of both the state of technology and the sacrifice of labor
and material resources for the production, distribution and main
tenance of housing. But more important, they expose the distri
bution of cost at least among the essential variables and provide
directions in cost control.
A cost function for housing, independently of the type of the
system, must reflect the influences of the original cost of produc
tion, of market behaviour in response to macro-economic situa
tions, of interest rates expressing the state of supply and demand
for money and of the cost of maintaining a housing system at a
certain level of quality equal to or above the level defined by the
minimum standards of habitation. In this sense and by this level
of detail the cost functions and what follows will apply to all hous
ing systems.
Begin with the unit cost of housing. Identify the physical unit,
the time unit and the level of quality. After this, denote the unit
cost at period tj by c(tj) and reason as follows: The unit cost c(tj)
over a sufficiently small period tj that justifies this average cost
is given by the sum of the market value c v(tj), of the cost of inter
est cr (tj) and the cost of maintenance cm (tj) all referred to the
same physical unit. This introduces the fundamental unit cost
relationship

A.

in which the subscript i satisfies in general the relation l£ i < n
with n identifying the number of the stages.
In accord with the diagram, the decision body is endowed by
society with the authority Aj and the responsibility Rj to supervise
the housing system and to make the proper decisions on the basis
of the information Ij derived or collected from the system itself.
Note that the authority, responsibility and information are referred
to the period tj in order to indicate the control of the decision
body by society and the change of the type and quality of informa
tion with time. By virtue of the above dynamic model, a simplified
version of the preceding analysis and questions on optimization
may be formulated mathematically in a straightforward manner.
The total cost to the society for housing in n successive periods
is given by
n
C(n) = £ Cj(Sj,Dj,Tj)
i=l

c(tj) = c y(tj) + c r (tj) + cm(tj)

-1 -

which holds for all housing systems and incorporates the afore
mentioned influences. In order to be measurable and subject to
control rather than consistent with reality in the strict sense, it
assumes that the time domains of the cost component functions
are discrete. That is, the functions are evaluated only at discrete
points of time that identify the periods.
The individual costs c y(tj), cr (tj) and cm(tj) depend on the unit
cost of production c Qj where the subscript denotes the period tQ at
which a finished housing unit enters the market. In view of this
dependence, -1 - may be rewritten as

The output Sj+1 = Tj may be chosen to represent the total supply
of housing units by the end of the period tj. Simple thinking may
define the output Sj+j by the relation
Si+1 = Si - ASi + Di

-2 -

if ASi denotes the decrement in the number of the housing units
due to obsoleteness and Di the increment produced by the decision
makers in considering the information Ii flowing from the housing
system to the decision body. Note that Di denotes here a particu
lar decision variable which is one of all the possible decision vari
ables at the disposal of the policy makers concerned with housing.
For example, the supply of money, the availability of land and
existing building codes are samples of the multitude of decision
variables. Furthermore Ij may pertain to population growth, to
housing demand or to mortgage interest rates to mention only a
few of the information items useful for decision making. Two
other obvious conditions that characterize C(n) are given by
Sj > o

c (ti) = c oi ^v(*-i) + r(ti) + m(ti)l

"5-

where v(tj), r(tj) and m(tj) are functions of time proportional to
the market, rate of interest and maintenance cost components
shown in -4 -.
Relation -5 - merits some discussion within the given space
limitations. It is clear the c(tj) gives the cost to the consumer
for the consumption of a housing unit of certain quality during the
period tj. For this reason it is the unit cost. On the other hand
coiv(tj) is the market value of a housing unit per unit of time tj.
Since it is easy to mistake cQj for the production cost of a housing
unit it is emphasized that cQj is the production cost of a housing
unit per unit of time or equivalently its depreciation rate. What
ever the method of depreciation may be, at the end of the t^ period
that marks the end of the lifetime of a unit it is true that CQ =
k
2 c 0j where CQ is the initial cost of production of a unit. The
i=l

for all i

s i+ i ' T i<s i - D i>

-4 -

' 3"

A simple optimization problem, but nonetheless very impor
tant, may now be stated on the basis of -1 -, -2 - and - 3 - . It may
read as follows: Minimize the cost function -1 - subject to the
constraints -2 - and -3 -. This problem may conveniently be solved
by means of the so-called technique of dynamic programming.
The methodology of the technique in relation to the stated problem
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maintenance component c0jm(tj) is that cost which is necessary to
maintain a housing unit at a level of quality at least equal to an es
tablished minimum quality. The quantity c oir(tj) is the cost of
interest on the money invested for the use of a housing unit per
unit of tim e. While the maintenance component of unit cost in
creases with time the interest component depends both on the
mortgage rate of interest and on the method of depreciation on
which cQj depends.
From -4 - one can determine the total cost of housing in period
tj provided that the number of the housing systems as classified by
the type of physical unit and the level of quality along with the cor
responding numbers of units belonging to each system are known.
On this basis if s is the number of systems and Nj the correspond
ing units in period tj, then the total housing cost to the society for
this period is
s
C(tj) = 2 NjCj(tj)
-6 j=l

the unit cost resulting from replacing this system by a new one
of the same quality, there is no reason for replacement. This is
a reasonable principle since the maintenance expenses of the old
system become savings after its replacement which must be com
pared to the costs of the new system. Mathematically stated this
principle advocates that the old system should be replaced as soon
as
(n)
(o)
c (ti) < Cjnftj)

-9 -

DISCUSSION

The results of this investigation must be evaluated both in
relation to the directions they offer regarding the solution of the
housing cost problem and in relation to the directions already
suggested by previous investigations.
The importance of reasoning on the basis of meaningful and
precisely stated concepts cannot be overestimated. This idea with
regard to housing is exemplified in reference (1) where an attempt
has been made to define the most important of the multitude of
concepts needed for the analysis of the housing market. The same
idea applied in the present analysis led to the useful concept of
the cost of a physical housing unit per unit of time by virtue of
which a number of fallacies are avoided. Accordingly, the mea
surement of the housing cost becomes more realistic and leads to
the conclusion that comparison of costs for two systems with no
regard to the element of time is meaningless and suggest errone
ous decisions. This is an error committed practically with no
exception in works on the comparative costs of housing systems
and techniques. An example of such a comparison is provided in
(2), p. 48. There a comparison of costs for single-family houses
built by the methods of conventional construction, partial fabrica
tion and total fabrication leads to the conclusion that the relative
costs are 1.00, 0.97 and 0.84 respectively. While the comparison
is very informative, in accord with the results of this investigation
one cannot assess the merit in those figures since the lifetime and
the future maintenance costs corresponding to the different methods
of construction have been ignored.
Quite often the concept of “ low cost” in housing resulting from
some innovative technique in the process of construction, is illus
trated with reference to previous high costs which were incurred
from the use of different techniques. While such references serve
a purpose, they do not lead to any useful solution of the problem.
In accord with the results of this study a fruitful basis of compari
son must be sought in relation to the welfare of the consumer. In
(2), p. 5, using income as a measure of consumer welfare, Dr.
Bates arrives at a useful definition of low cost housing based on
the percentage of income spent on housing by the consumer. The
disposable income of the consumer was also suggested in this work
as a reference for establishing the low-cost housing concept. It
has been of interest to observe and not bypass it as a mere coin
cidence that many of the conclusions of this investigation support
the ideas expressed by Dr. Bates and that the objective and dialec
tical approach of this work has led to conclusions stated from
observation and experience.
The discussion of the cost functions, on the other hand, ha«
revealed that most of the work on the cost of housing concentrates
on the cost of construction which is only a part of the total problem
and only one aspect of the process of production. This is verified
by the literature, a sample of which is provided by (3). While the
construction costs including labor and material are a great per

- 7-

where the inputs or production factors F ,E ,M ,L ,H ,P denote the
units of developed land, the units of equipment, the units of mate
rial, the units of labor, the total overhead and the profit respec
tively. For any given housing system, the developed land F is
well defined while the other variables are overlapping and need a
fruitful demarkation. Accordingly it can be agreed that E refers
to the equipment, tools and all temporary field installations used
directly for the production of a physical housing unit. The M re
fers to all material and equipment that becomes a permanent part
of the project while L may be said to be composed of all the labor
expended directly on the conception, design and construction of
the housing unit. Any other labor not expended directly on these
processes should be identified as part of the overhead. The total
overhead H should be composed of all labor and material expended
for the management and operation of those processes not directly
involved in but supporting the conception, design and construction
of the housing system. The profit P may finally be accepted as
the return to the owners or shareholders of the organizations in
volved in the various processes. This profit is usually distributed
between dividends and retained earnings, part or all of which is
eventually used for expansion or new investments.
After this discussion the additive nature of the variables sug
gests for the cost function of production of a physical housing unit
the form
CQ = F + E + M+ L + H+ P

+ ft

where the superscripts (n) and (o) identify the new and the old unit
cost and maintenance unit cost at the period considering replace
ment. The factor 0 j is the intangible factor reflecting the pref
erence of a new system in place of an old one of the same quality
and « j the salvage value per unit of the old system.
From - 9 - it follows that an estimate of the maintenance unit
cost allows a reasonable estimate of the lifetime of a housing unit
and thus an estimate of the unit cost of production cQj once the
method of depreciation has been selected. Furthermore -9 - pro
vides a criterion with which the decision makers can test previous
assumptions or estimates of the lifetime of the systems and act
accordingly.

where cj(tj) is the unit cost for the jth system at period tj whose
analytical form is given by - 5 - . Note that the total cost of housing
for n successive periods given by -1 - is the sum of the costs C(tj)
determined from -6 - .
Conceptually the various quantities must be by now clear at
least from a qualitative point of view. Their measurement, how
ever, presents a number of difficulties which even though not un
common, may be discouraging to those not versed in the quantifi
cation of concepts which are physically meaningful. Of particular
interest is the measurement of the cost of production CQ of a
physical unit and the computation of the lifetime of a housing proj
ect of certain quality. While this is not obviously the only problem
of measurement, it is the most important and the one that deserves
attention. Indeed, the measurement and minimization of only cer
tain aspects of CQ, specifically that of construction, has received
so much attention that one cannot help but feel erroneously that
this is the only point in the whole problem that deserves elabora
tion.
The cost of production of a physical unit of certain quality may
in general be expressed by the functional relationship
CQ = f(F ,E ,M ,L ,H ,P )

+ aj

-8 -

which deserves future investigation. In this case the variables are
cost functions for the factors of production and depend on the pe
riod t and the scale of production identified by the number of units
N.
The lifetime of a housing system is intimately connected with
the criterion of replacement. It may be asserted that as long as
the maintenance unit cost of an existing system does not exceed
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PSY-CONDITIONING
by
Pedro L. Koe-Krompecher, Dr. Pol.Sc., Architect, P.E.*

realized it would mean a dead stop in most housing operations in
the United States and much of Europe, - areas generally above the
tech-bio horizon: and acceptance of such general program would
mean no other but just tech-bio horizon housing for the next thirty
years for everybody in any country. The absurdity of such pro
gram clearly leads us to a more elastic solution, that of introduc
ing the varying minimum satisfaction horizons.
The satisfaction horizons as distinguished from the tech-bio
horizon are pictured in Diagram n . A realistic and honest average
minimum satisfaction horizon can be recorded or established for
every continent, every region, and, if necessary, for every coun
try. As presently shown we only wanted to project the idea, with
out any claim to accuracy. The idea of the satisfaction horizons
can be exploited in two different operations: first in recording
the present satisfaction horizons, level or sloping, in any area,
and then, if deemed necessary, suggesting means and aims of
changing the location of such horizons.

Low-cost, lower-cost, or any-cost housing is a problem in
every part of the world. The situation is nearly balanced in a
few West European countries, but it is grave to desperate to hope
less in most other areas. Professionals, industry and govern
ments are everywhere engaged in research and planning, much of
it repetitive or overlapping: many features of the problem are
thoroughly exploited and solutions offered, but some possibilities
are surprisingly overlooked. We shall try to find an internationally
valid approach to the whole problem, and we will point out features
generally neglected, although probably very helpful if utilized:
establishing satisfaction horizons, and proposing more psycholog
ical conditioning in housing.
As an overall approach we shall use the Athens Diagram, that
we have introduced recently with a guest lecture at the School of
Architecture, Ohio University in Athens, Ohio, and developed
together with architect LaszloG . Koe-Krompecher, my son, an
A sst. Professor in Athens.
The proto-state Athens Diagram I shows the present situation
in world housing, horizontally proportioned to the population of the
continents, vertically recording the estimated various living levels.
The technological-biological horizon marks the minimum “ health”
level as accepted in advanced countries. The tech-bio (technolog
ical-biological) horizon is generally the flat compliance with the
parameters of building codes and similar regulations. The great
majority of mankind is living, surviving, and multiplying below often far below - that tech-bio horizon.
We know about the ridiculous $8,350 (sans land) housing unit
recently worked out with a fat grant, and we have read about the
recorded cry of the West Coast agitator: “ we want a close copy
of the kind of housing the richer can afford. ” This would mean a
program to raise living conditions of four billion persons to West
Coast establishment levels. Such irresponsible programs are
impossible in every respect: materials, labor, equipment, trans
portation, time, and in money. We don’t even care to estimate
the material and financial cost of bringing up world housing to-that
West Coast level. Subject of a first serious consideration can
be the idea of bringing the world housing situation to the tech-bio
horizon as shown in Diagram I. But that sweeping solution is also
far beyond the possibilities as to materials, e tc ., and even if

Fig. 2 . The Athens Diagram II

Satisfaction horizons can be found lying above or below the
tech-bio horizon. Their recording and the investigation of the
reasons of their present location can unveil latent social back
ground conditions. The reasons of below tech-bio level may be
religious or quasi-religious contentment, the surrendering to
age-old circumstances or to solidly established totalitarian limi
tations, it may be the result of total isolation from any knowledge
about better living possibilities, or it may be due to effective
brainwashing. Well planned housing politics may require lifting
or lowering of satisfaction horizons: they may be the most com
plex operations in mass psychology.
In more developed countries the satisfaction horizons may be
found lying above the tech-bio horizon; especially in countries
where yesterday’s restraining influences are not applicable any
m ore. Such satisfaction horizons may be found to be located very
high because of surrounding affluency, but they may have been
unduly forced higher either by reckless commercial publicity for
status seeking, or by irresponsible political demagoguery. Deeper
study of the satisfaction horizons, both as to their recording and
as to their possible planned relocation, can result in serious
changes in the quantity and quality of housing in any country, as
can be clearly envisioned from Diagram HI.
But as we have introduced psychological factors by recognizing
the satisfaction horizons as different from the parametric tech-bio
horizon, we may as well add psychological factors when creating,

Fig. 1. The Athens Diagram I

♦College of Architecture, University of Kentucky.
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from its original background, it is hung on walls, displayed in vitrines. Or it is remanufactured and sold as curios.
We should recognize that folk art, now reduced or withdrawn
to a few inaccessible areas, is the original, poor-man-made psyconditioning of parametrically low -level housing. It was folk art
that made into homes the millions of low -level huts, and tents,
and dens, and caves. But civilized man supressed folk art, un
individualizing every poor house. And when civilized man today
himself starts fabricating the houses of the poor, he unwittingly
makes the houses drab, dead, un-lovable: he fabricates un-homes.
However, civilized man should reach back to the stripped past of
these same poor people, to the unrecognized, original millenarian
psy-conditioning of their past: to folk art.
Whether we call it interior architecture or interior decoration
or folk art, this psy-conditioning should be the integral part of
every housing project. But there is a condition to be observed.
Psy-conditioning can be suggested, it can be taught, but finally it
has to be created and made - as it has been done for thousands of
years of folk art—by those in the home themselves. Or—one
single concession—by persons who can identify themselves with
Fig. 3 . T h e A th en s Diagram III
those in each home. A rtists? Psychologists? Educators?
Friends? Social W orkers? - better all of these in one person.
It may be a single flower shown above the bed, it may be the
constructing, offering the houses themselves. It is undeniable
pleasant coloring of the family room, or curtains framing the
that e .g . parametrically, dimensionwise identical 150 sq. ft. area
window, a candle on the table, or lush trees painted all around:
rooms - changing color, light effects, proportions, surfaces,
they will make the house into a home. This is the way from
curtains, decorations, furniture, knick-knacks - can be either
parametric or even sub-parametric houses to para-human homes disgusting, or drab, or neutral, or homey, or depressing, or
by psy-conditioning.
even excitingly lovable. We may call the drab ones psychologically
Psy-conditioning - or call it revived folk art - doesn’t strain
poor, and the lovable ones psychologically positive conditioned.
the budget. It may be nothing else but offering a choice of simple
Sanitary inspectors would temporarily disagree, but below-techmaterials (paints, textile, e tc.) to the people, and let them make
bio shelters can be loved, happy homes if psychologically con
it themselves, or at least let them have the feeling that it is their
ditioned (psy-conditioned). Psy-conditioning may be a new word,
own creation. Teach them the methods, give them suggestions.
but the idea itself is not new. Psy-conditioning can bridge gaps
Collect ideas from their religion or racial background or their
between momentary material-financial capacity and the satisfaction
rural homes: it is surprising how people are conscious of their
horizons, and it can even improve living conditions above any sat
real background, and they are proud to apply it.
isfaction horizon; both cases can be found recorded in Diagram IV.
Psy-conditioning shall start in the home, because it is a
Psy-conditioning (first introduced in the July ’71 issue of
manifestation of the personality. If it has conditioned the home,
the magazine Systems Building News) can be traced in architectural
it may step out to its immediate or wider surrounding: this is
history and in modern interior design, but also in primitive, nonthe natural creation of human environment. The first step is in
architectural dwellings. In architecture it is cultivated by religions
the house, and the neighborhood is the second step. Try to imag
or by civil authorities, generally trying - and often succeeding ine a neighborhood of psy-conditioned individual homes: it will
to impress the laymen, the subjects. Interior decoration does
be an individual, a loved neighborhood.
the same with the visitors in executive offices, or it mellows the
There is no talk about the correctness of the planned level in
patrons in restaurants, or im presses the guests of the nouveaux
housing: it is the tech-bio horizon. Blueprints are manufactured,
rich e s; recently it started creating better environments in schools.
fed into the budget computers of every country, then hyperbolic
We have found that both in form al architecture and in interior de
(or hypocritical?) five-year plans are presented to an impressible
sign, psy-conditioning used to appear in the high-cost, high in
public. In the meanwhile technical men are trying to re-combine
vestment levels.
new structural solutions, financial wizards conjure up money or
But another area has had effective psy-conditioning for thou
mortgages. People are neglected.
sands of years, although unrecognized, ignored and misunderstood:
We propose that we should concentrate on a new standard:
folk art. We used to find folk art in museums. There is it stripped
the satisfaction o f the people. Guided by the ideas shown in the
Athens Diagram, two operations should be initiated: establish
ment of realistic existing or relocated satisfaction horizons on
the one hand, and—when meeting these probably lowered tem
porary standards—the production of more economical human
homes by the combination of technical and psychological efforts:
by parameters and by psy-conditioning. This two-front approach
may eventually soften the housing situation.
So far nobody questioned the level of the code parameters,
only their implementation is debated: whether by the rigid lists
in codes, or by performance research.
We propose to correct and improve either procedure from
the flat laboratory level in the direction of the humans themselves.
The Athens Diagram, through stages I, n , HI, and IV, has
lead us from parametric houses - the houses we are today fab
ricating— thru the satisfaction horizons to psy-conditioned homes.
Psy-conditioned homes are less costly than parametric houses.
Psy-conditioned homes are never vandalized. Psy-conditioned
homes keep the families together. Psy-conditioned homes keep
the citizens: citizens, and not un-persons.
But to create psy-conditioned homes we need more than blue
prints, we need dedicated architects. And the built-in anti
Fig. 4. The Athens Diagram IV
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individualism of industrialized housing has to be counterchecked
by psy-conditioning.

statistics do not always agree with simple mathematics—but
diligent collection and evaluation of data, and personal experience
with various forms of government makes reconstruction possible.
As in the convents of Medieval Europe, in the rank and file of
Mohametan armies of the same period, or with fanatics past and
present: people can be satisfied with conditions “ as they are” .
People are satisfied with their housing “ as it i s ” in today’s China:
the satisfaction horizon has been lowered to the exact level of the
technical condition of today’s housing. It is interesting that there
is not a trace of psy-conditioning in Red China, as it does not ap
pear in any other Communist country: there individualism and
centripetal family life are not coveted.
3.
A few words should be told about another application of
psy-conditioning. Presently we have applied it to homes, where
its only aim was to tie, to link its occupant to the house, by re
viving personal memories, or by projecting personal desires.
This tying-in, this linking effect is only one of the possible opera
tions with psy-conditioning. We should try to imagine the de
pressing, regimenting effect of long prison corridors. Remember
the closing-the-hands-to-prayer impact of the magnificence of
Gothic domes, the impressiveness of rich Baroque churches, the
silencing authority of columned halls of justice. Or the mass
self-consciousness evoking scale in the Hitler and Stalin party
buildings. Psy-conditioning can be not only emotionally linkingdreaming, but it can be exciting, regimenting, educational, too.
Housing is not an area for this other type of psy-conditioning.

POSTSCRIPTS
1. We have collected specimens of folk art from the back
grounds of different people and from different areas. They show
regionally and racially differing types, and it can be definitely
established that some groups prefer glaring colors and others
muted harmonies, some like lush vegetation and others romantic
allusions, these enjoy textiles, others ceramics, and there are
many other specialities. After some study one can easily identify
people from decorations, and vice versa. Pseudo-heroic past and
bucolic pseudo-happiness creates mini-Parthenon porches, im i
tation coats of arms, reprints of hunting etchings, or even afrohairdos make people proud, happy and satisfied. Let us acknowl
edge this and make the most of this human sentiment. Any
psy-conditioning shall be selected and molded to the people who
shall occupy the houses.
2. An important example of operation with the satisfaction
horizon can be found in Red China, where the quasi-religious
totalitarian regime managed to lower the horizon to a relatively
low level of the built housing. China is the only area—a vast
area housing a quarter of this world’s population—where we can
find the coincidence of the existing housing level with the satis
faction horizon. True, it is near impossible or very difficult to
get reliable data from any totalitarian country— their published
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NEIGHBORHOOD SATISFACTION: A STUDY OF USER ASSESSMENTS
OF LOW INCOME RESIDENTIAL ENVIRONMENT
by
Henry Sanoff*

INTRODUCTION
In August 1971, Secretary Romney issued a statement inidcating that housing starts are “ up to an annual rate of 2. 2 million
units” and further went on to state that “ this administration is
already committing billions of budget resou rces to assist low and
m oderate-incom e fam ilies into decent housing. ” (1) The state
ment was a testimony to the success of the Administration’ s efforts
to meet the nation’s pressing housing needs. Housing needs, how
ever are referred to as the inventory or stock of new or rehabili
tated dwelling units. Little mention is ever directed towards the
u ser’ s housing needs or the way in which the assembly of dwelling
units and their location have an impact on the social and psycholog
ical w ell being of the residents.
RESEARCH IN NEIGHBORHOOD SATISFACTION
An early attempt to ascertain the effect of physical aspects of
the immediate neighborhood environment on residents’ behavior
was undertaken by Festinger et. al in a study of married students’
housing. (2) They found that the proximity of dwelling unit en
trances was directly related to the frequency of casual interaction
and subsequent growth of friendships. Residents who w ere physi
cally m ore isolated tended to develop fewer friendships within the
neighborhood. A parallel study of housing by Caplow and Foreman
also found that high interaction rates were heavily influenced by
physical accessibility and w ere associated with “ high m orale and
a high measure of reported satisfaction. ” (3) While stressing the
effect o f propinquity in their findings, they also emphasized that
the population they studied was exceptionally homogeneous. Gans
concludes that propinquity is less important in fostering interaction
and suggests that shared attitudes as well as stage in the life cycle
are m ost relevant. (4) In another study Lansing and Hendricks
indicate for a Detroit region sample that an evaluation of neighbors
as “ friendly” is a better predictor of neighborhood satisfaction
than is the frequency of the respondents’ interaction with those
neighbors. (5) Other findings reported by K eller (6) and Michelson
(7) also suggest that sociability and perceived sim ilarities with
neighbors are central to neighborhood interaction and satisfaction.
Although the research cited emphasizes the impact o f the
social setting on neighborhood satisfaction, the effect of the physi
cal setting has underlying importance. Propinquity, for example,
may make an important contribution to social interaction in hom o
geneous neighborhoods which may then lead to neighborhood satis
faction. Residential satisfaction can be explained by the way in
which man perceives his relation to the spatial environment as
well as his relation to his physical surroundings. Residential
satisfaction deals with the degree of accommodation of m an’ s
spatial environment to his attitudes about his environment and his
actual behavior. Michelson (8) suggests that there is not a deter
minism or a dominance of the environmental system over the social
system or vice v ersa , but one of congruence between certain
variables of each system . Congruency is dependent upon people’ s
accommodation to the environment as well as the fullfillment of
their expectations. In other terms the social reality is operation
ally defined as the individual’s perception of his satisfaction or his
attitude, while the physical reality is what he actually d o e s , or his
manifest behavior.
It has been argued that residential propinquity brings people
together since initial eye contact can turn into casual neighboring
and deeper relations if there exists a perceived compatibility.
The fa m ilies’ stage in the life cycle and child rearing practices
can also contribute to the perceived homogeneity of the neighbor

hood. It has also been noted, particularly after people move into
new housing, that there is a natural tendency to seek friends from
the immediate neighbors. Over tim e, however, many o f the
factors contributing to the proximate neighboring cease to be as
important, particularly if the mutual aid had resulted from the
problem s of new occupancy. Gans (9) indicates that of the two
years in Levittown less than one-third (31%) of the respondents
had the majority of their friendships on the same street, and onethird indicated no friends cam e from the same street, while the
remainder reported that half of their friends w ere on the same
street.
The conditions where spatial proximity contributes to friend
ship can be described as homogeneity and solidarity. The litera
ture points to public housing or high rise housing where these
conditions tend not to exist. There are indications that public
housing generally lacks any form of neighboring behavior within
their confines, Hartman (10) found that Boston’ s West Enders
thought that residents of public housing w ere not at all like them
selves. Young and Willmott (11) found that residents of nearby
and sim ilar ghetto areas in London consider each other as m em 
bers o f different cultures when placed side by side in a new housing
development. Much o f the research indicates that there is a
decided feeling of heterogeneity among residents of public housing
in many places, even if objective data could prove otherwise.
OBJECTIVES
This research investigation aims at the individual’ s percep
tions of whether or not particular spatial patterns will properly
accommodate his personal characteristics, values, and style of
life within the context of public housing. The framework for study
ing residential satisfaction is based upon the relationship that
certain physical features of the environment have to the residents’
satisfaction and the conceptions of their ideal environment. R e
sponses were sought to two m ajor physical dimensions o f the
environment; dwelling satisfaction and neighborhood satisfaction.
In order to partially explain the nature of the respondents’ satis
faction, three other dimensions w ere introduced into the study.
The first was neighboring behavior, or the frequency and quality
of personal contacts. Second was the degree to which the residents
work together towards common goals, or neighborhood solidarity.
Third, a measure of the respondents’ concern for entering into
new situations, i.e . , exploratory behavior and sensation seeking.
It has been asserted that residential density may be related to
measures of residential satisfaction, particularly in neighboring
behavior and environmental disturbances. This study is , however,
am evaluation of one residential setting which does inhibit com para
tive analysis. While other research studies have explored com 
parative densities and their differential impact on residential
satisfaction, we propose, to the extent possible, to compare our
findings with other equivalent studies.
STUDY PLAN
The study consisted of interviews from 90% of the households
of a public housing project located in Chapel Hill, North Carolina
and occupied by black fam ilies. Ridgefield Park is a m ulti-fam ily,
turnkey 1 (rental) housing project located east of Chapel Hill, a
university town of 25,000 person s. The residential density of
Ridgefield Park is 5 .5 dwelling units per a cre, which can be d e 
scribed as medium density within a range of from 2.5 or less to
25.0 persons per acre.
DESCRIPTION OF POPULATION

♦Associate P rofessor of Architecture, North Carolina State
University - Raleigh

The sample consisted of 40 black respondents, 80% of whom
were fem ale who w ere raised in small towns or rural areas. Most
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of the respondents (90.0%) were raised in their own home, while
60% lived in a rented house prior to moving into this rental housing
project. Almost all of the respondents (97.5%) would prefer home
ownership if the choice were available. Slightly more than half
(57.5%) of the respondents were between the ages of 35 and 59 with
37.5% between 18 and 34 years. Their total incomes did not
exceed $6500; in fact, only 20.0% of the respondents reported
incomes between $5000 and $6500. Over one-half of the group
(57.5%) earned less than $3500 and 30.0% indicated that their in
come was less than $2000.
The average family size of the residents of this project is 5.6
where one-third (33.3%) of the population consists of children
under 10 years. Another third of the population (32.3%) are
between the ages of 11 and 17 years with the remaining 34.4% com
prising those who are 18 years and older. Thus, two-thirds of the
total population are of school age or younger.
The majority of the respondents (80.1%) describe Ridgefield
Park generally as a good place to live with the exception for the
aged, where many (57.5%) feel it is quite poor. Half of the respon
dents (52.0%) also reported that children’s outdoor recreational
facilities were poor, though for 5-10 years old 52.2% indicate that
they are “ good, ” while for under 5 years only 40.0% responded
favorably and for teenagers only 35.0% had positive impressions.

TABLE 1: NEIGHBORHOOD SATISFACTION FOR RESPONSES
RELATED TO SITE ARRANGEMENT

Percent Giving
Area Highest
Rating on N. S.
Scale_____
A. Outdoor Play for Children
Under 5 Years
Good
Average
Poor

26.0
22.2

B. Outdoor Play for Children
5-10 Years
Good
Average
Poor

63.0
22.2
14.8

C. Outdoor Privacy From
Neighbors
Yes
No

37.0
63.0

D. Noise Level in Neighborhood
Noisy
Average
Quiet

NEIGHBORHOOD SATISFACTION

E. Frequency of Casual
Neighboring
Every day
Several times a week
Once a week
Once a month

The qualitative assessment of the residential environment is
described as neighborhood satisfaction. Though satisfaction has
a multi-dimensional nature, the respondents were asked to judge
their environment from the nine statements proposed to them. In
addition they were requested to rate the importance of the attri
butes as they contributed to their “ ideal” neighborhood.
From the figure comparing satisfaction with importance it can
be observed that the most important attributes that are least satis
fied are convenience to shopping, safety, good place for child
rearing, and having nice neighbors. In general two-thirds (67.5%)
reported the neighborhood as being satisfactory. In Wilson’s (12)
study of Greensboro and Durham, North Carolina 84% and 81%,
respectively reported being “ satisfied” with their neighborhood.
Similarly Lansing (13) also found high degrees of satisfaction with
the communities in his study.
From the group of nine statements of satisfaction, a score of
zero was attributed to negative response and one to a positive
response. An index was developed where the scores were distrib
uted into three categories, low, medium, and high. Responses
from the total sample of 40 respondents indicated that 67.5%
scored high, 30.0% medium, and 2.5% scored in the low category
of satisfaction.

51.8 27

48.1
22.2

29.7

40.8
40.8
11.0

7.4

F. Caring About Hearing
Neighbors
Care very much
Indifferent
Don’t Care

33.3
37.0
29.7

G. Proportion of Neighbors
Known by Name
All
Nearly all
Half of them
A few of them

40.8
26.0
18.4
14.8

H. Location of Neighbors
One of the half dozen
houses nearest you
In another part of
Ridgefield Park
In the city
Out of the city

N(Base of
Percentages)

55. 6
11.1
22.2

11.1

patibility. Gans (14) indicates that little is known about the nature
of shared characteristics, whether it is common backgrounds, or
shared values or combinations of these. The indicators selected
were those described by Lansing (15) et al as “ friendliness” and
“ similarity. ” The distribution for these items was as follows:
It appeared that the respondents tended to consider a neighbor
“ friendly” more so than “ similar. ” Other measures of homo
geneity explored in this study were attitudes about the neighbor
hood as they are related to compatibility.
The casual neighboring contacts as well as the location of the
visits are described below.
When comparing the frequency of neighboring visits and their
location, it can be seen that the majority of visits occurring daily
or several times a week (78.5% and 53.3% respectively) were
within the “ half-dozen houses” nearest to the respondents. The
more infrequent visits (50.0%) occurred in the city, a commuting
distance away from the neighborhood.
Propinquity, then, results in visual contacts and ultimately
produces social contact among neighbors. Homogeneity of the
population, however, will determine how intensive the relation
ships will be. Fried and Gleicher (16) conclude that interpersonal
commitments in the area, in the form of close contact, are related
to highly positive feelings about the neighborhood as a whole.
When the respondents were asked about their knowledge of
neighbors, 67.5% reported knowing nearly all of them by name.
This corresponds to Lansing’s (17) findings where 80% of the resi-

NEIGHBORHOOD SATISFACTION AND SITE PLANNING
IMPLICATIONS
The next part of the study compared NS to other neighborhood
characteristics, influenced by density and site arrangement.
Neighborhood satisfaction has a positive relationship with knowing
and interacting with one’s neighbors. Slightly less than half
(40.8%) of those who knew all their neighbors gave the neighbor
hood the highest ratings as did 81.6% who interacted “ several
times a week” to “ daily” with their neighbors on a casual basis
(Table 1). At the other extreme only 14.8% of those who knew
“ just a few of their neighbors” and 18.4% of those interacting
with their neighbors once a month or less, gave the neighborhood
the highest rating. While those who described the neighborhood as
“ noisy” (48.1%) gave the neighborhood a high rating, the aware
ness of noise increased as their satisfaction decreased. For
example 83.3% of those who were less than highly satisfied, de
scribed the neighborhood as “ noisy. ” Generally then, the pro
portion of residents most satisfied with their neighborhood is
highest if the outdoor play areas for children 5 to 10 years are
good (63.0%) as well as for younger children (51.8%).
NEIGHBORHOOD COMPATIBILITY
Previous research has placed particular emphasis on the
importance of homogeneity in residential areas as well as com 
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TABLE 2: FREQUENCY OF NEIGHBORING COMPARED
WITH LOCATION OF VISITS
Several Times Once a Week
Location of Visits
Every Day
A Week
or More
One of the half-dozen
houses nearest you

11

78.5

8

53.3

3

30.0

In another part of
Ridgefield Park

3

21.5

0

0.0

2

20.0

In the city

0

0.0

7

46.7

5

50.0

Total

14 100.0

15 100.0

TABLE 3: NEIGHBORHOOD SATISFACTION COMPARED TO
NEIGHBORHOOD COMPATIBILITY

A. Description of Neighbors
Friendly
Neutral
Unfriendly

10 100.0

B. People in Neighborhood
Similar
Neutral
Dissimilar

dents in high density areas reported knowing all the adults by name
in the “ half-dozen families” living nearest to them, compared to
almost two-thirds of the residents in the least dense neighborhoods.
Their relationship is reflected in the frequency of neighborhood
interaction where two-thirds of the respondents visit several times
a week to every day. The predominant visits were within the
“ half-dozen houses” from the respondents.
Table No. 3 represents the two compatibility items with the
neighborhood satisfaction scale. While there is a relationship
between high satisfaction and “ friendly” neighbors (70.4%), it
appears that less than half (40. 8%) describe their neighbors as
“ similar. ” For this group of respondents friendliness is more
important for compatibility and thus satisfaction, than similarity.
When comparing selected neighborhood attitudes with compati
bility (friendliness and similarity) it appears that positive relation
ships exist. In all cases the greatest proportion of respondents
describing their neighbors as “ friendly” and “ similar” also rated
their neighborhood “ attractive, ” “ well kept up, ” “ pleasant, ”
“ good place to live, ” “ like what I see, ” and “ people in the com 
munity care. ”
From the residents in the housing environment, shared atti
tudes and evaluations concerning the neighborhood was related to
defining neighbors as both friendly and sim ilar. When consensus
existed among neighbors about qualities of the residential neigh
borhood, the neighbors tended to be more positively evaluated.
This may be perceived as homogeneity among the residents.

Another measure which may be related to neighborhood satis
faction involved the respondents' general perception of social
cohesiveness in a given area which was described as the mutual
concern of residents for each other’s welfare. (18) This set Of
attitudes towards solidarity was also an indication of the residents’

27
27
27

40.8
37.0
22. 2

27
27
27

8
2
3
13

61.6
25.4
23.0
100.0

12
2
0
14

85.7
14.3
0.0
100.0

5
6
2
13

38.4
46.2
25.4
100.0

7
4
2
13

19
1
1
21

11
1
2
14

78.5
7.2
14.3
100.0

8
5
0
13

61.6
38.4
0.0
100.0

5
2
6
13

43.8
30.8
25.4
100.0
38.4
25.4
46.2
100.0

40.0
46.7
13.3
100.0

19
2
0
21

90.4
9.6
0.0
100.0

12
2
0
14

85.7
14.3
0.0
100.0

8
4
1
13

61.6
30.8
7.6
100.0

7
4
2
13

43.8
30.8
25.4
100.0

7
3
5
15

46.7
20.0
33.3
100.0

14
4
3
21

66.7
19.0
14.3
100.0

12
0
2
14

85.7
0.0
14.3
100.0

6
5
2
13

46.2
38.4
15.4
100.0

5
2
6
13

38.4
25.4
46.2
100.0

2
5
8
15

13.3
33.3
53.4
100.0

16
2
3
21

76.1
9.6
14.3
100.0

11
0
3
14

78.5
0.0
21.5
100.0

5
4
4
13

38.4
30.8
30.8
100.0

4
3
6
13

30.8
23.0
46.2
100.0

4

40.0
53.3
6.7
100.0

16
3
2
21

0
1
3
4

0.0
25.0
75.0
100.0

5
6
4
15

33.3
40.0
26.7
100.0

Good place to live
Neutral
Poor place to live
Total

2
1
1
4

50.0
25.0
25.0
100.0

6
7
2
15

Like what I see
Indifferent
Don’t like what I see
Total

2
0
2
4

50.0
0.0
50.0
100.0

People in community care
Indifferent
People in community don’t care
Total

2
0
2
4

50.0
0.0
50.0
100.0

2
1

Dissimilar
No.
%

76.2
14.3
9.5
100.0
90.4
3.8
4.8
100.0

6
8
1
15

Pleasant
Neutral
Unpleasant
Total

70. 4
22. 2
7.4

TABLE 4: NEIGHBORHOOD ATTITUDES COMPARED TO NEIGHBORHOOD COMPATIBILITY
Neutral
Similar
Friendly
Unfriendly
Neutral
No.
%
No.
%
No.
No.
%
No.
%
%
11
74.6
95.2
14
100.0
10
66.3
20
3
75.0
2
25.4
4.8
0
0.0
1
3
20.0
0.0
0
0
0.0
0
0.0
0.0
0
2
13.7
1
25.0
100.0
14
13
100.0
21
100.0
15
100.0
4
100.0
50.0
25.0
25.0
100.0

Well kept up
Neutral
Poorly kept up
Total

N(Base of
Percentages)

concern for the quality and maintenance of the residential area or
neighborhood.
The neighborhood solidarity (19) scale was based on a series
of statements related to the concept of “ belongingness, ” “ co 
operation, ” friendliness and concern with the neighborhood. From
the responses to 11 evaluative questions, an index was developed
consisting of low, medium, and high scores. The scale revealed
that 25.0% of the respondents scored low, while 52.5% were in
the medium category and 22.5% were high.
High Neighborhood Solidarity scores correspond with descrip
tions of “ well kept up neighborhood” (Table 5) and “ attractive
neighborhood. ” Low Solidarity scores were associated with
responses describing neighbors as “ different from m e” , which
supported the notion of compatibility and similar neighbors. The
perception of Ridgefield Park as a “ good place to live, ” increased
with the feeling of solidarity. Neighborhood Solidarity also cor
related with neighborhood satisfaction, in fact 88.8% of the respon
dents with high ratings of their neighborhood also had a high
Neighborhood Solidarity score. Similarly, respondents with high
ratings of dwelling satisfaction indicated a high solidarity (88.8%).
When the respondents were asked “ how satisfying do you find
the way you are spending your life these days” 65.0% reported
“ satisfying” compared to 22.5% who found “ life not very satisfy
ing. ” While only 18.5% of the latter group found their neighbor
hood highly satisfactory, two-thirds (66.7%) of the optimistic group
were in the high NS category (Table 6). It appeared that an indi
vidual’ s perception of his life may influence his perception of his
environment, particularly if his environment reinforces his life
style. From the data in Table 6 it can be seen that high dwelling
satisfaction has a positive relationship to high neighborhood satis-

NEIGHBORHOOD SOLIDARITY

Attractive
Neutral
Unattractive
Total

Percent Giving
Area Highest
Rating on N. S.
Scale
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TABLE

A. Visual A ssessm ent
of Neighborhood
Attractive
Neutral
Unattractive
Total
B. Neighborhood
Maintenance
Poorly kept up
Neutral
W ell kept up
Total
C. Ridgefield Park as
a Place to Live
Good
Average
Poor
Total
D. Dwelling
Satisfaction
Low
Medium
High
Total

%

8
0
2
10

80.
0.
20.
100.

1
4
4
10

2
4
4
10

1
5
4
10

10.
50.
40.
100.

20.
40.
40.
100.

10.
50.
40.
100.

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

16
4
1
21

3
7
11
21

13
4
4
21

1
8
12
21

76.
19.
4.
100.

14.
33.
52.
100.

62.
19.
19.
100.

4.
38.
67.
100.

No
2
0
8
0

Lowr
%

0
0
0
0

E. Spend More Time
With Neighbors
Disagree
Indifferent
Agree
Total

3
4
3
10

30.
40.
30.
100.

0
0
0
0

7
3
11
21

33. 3
11. 3
52. 4
100. 0

1
0
8
9

11.1
0.0
88. 9
100. 0

0
0
0
0

F. Friendly
Neighbors
Unfriendly
Neutral
Friendly
Total

3
3
4
0

2
8
0
10

20.
80.
0.
100.

0
0
0
0

1
7
13
21

4.
33.
62.
100.

8
2
0
0

2
0
7
9

22. 2
0.0
77. 8
100. 0

8
2
0
0

G. Similar People
in Neighborhood
Similar
Neutral
Different
Total

0
0
0
0

1
4
5
10

10. 0
40. 0
50. 0
100. 0

6
8
7
21

28. 6
38. 1
33.3
100. 0

7
1
1
9

77. 8
11. 1
11.1
100. 0

0
2
8
0

H. Neighborhood
Satisfaction
Low
Medium
High
Total

8
1
1
0

1
6
3
10

10.
60.
30.
100.

0
5
16
21

0.
23.
76.
100.

0
1
8
9

0.
11.
88.
100.

%
100.
0.
0.
100.

9
0
0
9

0.
0.
100.
100.

0
0
9
9

7
2
0
9

77.
22.
0.
100.

0.
11.
88.
100.

0
1
8
9

faction (66.7%). Similarly neighboring is regarded as an important
contribution to satisfaction (66.7%) as well as having m ore time to
spend with neighbors (55.5%).

Dwelling satisfaction is a cumulative measure of the respon
dent’ s assessm ent of his residential environment. Based on the
respondents’ answers to 12 statements dealing with various charac
teristics of a dwelling, such as spatial arrangement, spatial
preferen ce, and functionality, they rated each statement as sa tis
factory or unsatisfactory as well as indicating the degree of im protance that would contribute to an ideal dwelling.
Assessm ents o f their dwelling revealed that the m ajor areas
of dissatisfaction w ere “ street n oise, ” “ children’ s play space, ’ ’
“ front p o r c h ,’ ’ “ outdoor privacy, ’ ’ and “ storage” (Table 7).
Their expectations based on im portance suggested a prim ary con 
cern for outdoor privacy particularly in the backyard, as well as
internal privacy which was satisfactory to a greater extent.
TABLE 6: NEIGHBORHOOD SATISFACTION FOR
OTHER RELATED FACTORS

Neighborhood Maintenance
Well kept up
Neutral
Poorly kept up

59. 3
29. 6
11.1

People Like to Spend More
Tim e With Neighbors
Agree
Indifferent
Disagree

55. 5
18. 5
26. 0

Dwelling Satisfaction
High
Medium
Low

66. 7
33.3
0. 0

Importance of
Neighboring Behavior
Important
Indifferent
Not important

66. 7
22. 2
11. 1

Self Satisfaction
Satisfied
Indifferent
Not important

66.7
14. 8
18. 5

0
0
0
0

0
8
2
0

0
2
8
0

TABLE 7: DWELLING SATISFACTION FOR RESPONSES
RELATED TO ATTRIBUTES OF THE NEIGHBORHOOD
Percent Giving
Dwelling Highest
N(Base of
Rating on D .S.
Percentages)
Scale

DWELLING SATISFACTION

Percent Giving
Area Highest
Rating on N. S.
Scale

High
No.
%

Medium
No.
%

No.

High

Medium
No.
%

Low
No.

5: N E IG H B O R H O O D S O L ID A R IT Y A N D R E S P O N S E S T O N E IG H B O R H O O D C H A R A C T E R IS T IC S

Neighborhood As a
Place to Live
Good
Neutral
Poor

82. 6
13. 1
4. 3

Like What I See
From Front Door
Agree
Indifferent
D isagree

78.3
13. 0
8.7

Noise From Neighbors
Seldom
Occasionally
Often

60.9
34. 8
4.3

Neighborhood Satisfaction
High
Medium
Low

78. 3
21.7
0. 0

N(Base of
Percentages)
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The 12 statements w ere indexed into a scale where the respon
dent’ s scores were classified into three categories, low, medium,
and high. The distribution of responses indicate that over onehalf (57.5%) were high, 37.5% medium, and 5.0% were in the low
category of satisfaction. This index was then used to com pare with
other attitudinal responses to the residential environment.
As dwelling satisfaction increased the concern fo r private out
door space decreased. While 60.9% of those with high D.S.
described a lack of outdoor privacy, 86.7% with a lower level of
D .S. indicated a higher awareness of the lack of private outdoor
spaces. Similarly 47.8% o f the respondents with a high D.S.
indicated that the neighborhood was noisy, while that proportion of
respondents increased (73.3%) as their satisfaction decreased.
It is evident how ever, that there is a positive relationship
between high D. S. and neighborhood ch a ra cteristics. For example
respondents with a high D .S . described their neighborhood as a
“ good place to live, ” (82.6%) that they liked what they saw from
the front door (78.3%) and rated their N .S ., high 78.3%.
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ENVIRONMENTAL DISPOSITION
In addition to preferential resp on ses, an attempt was made to
relate environmental assessm ent to environmental disposition, a
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function of an individual’s personality. (20)
This set of statements attempted to describe the respondent’ s
personality characteristics with respect to his exploratory behavior
and preference for new and different environments. From the 12
statements on environmental disposition (ED) an index was develop
ed where 57.5% of the respondents scored high, 37.5% scored
medium and 5.0% scored low.
Most of the respondents (74.0%) With high ratings on the ED
.scale described their neighborhood as “ attractive. ’ ’ This is
particularly revealing since it is the most powerful indicator of
visual impact.
Exploratory behavior is associated with seeking new faces
continually rather than the comfort of familiar old faces. This is
reflected in the perceptions of “ neutral’ ’ or “ unfriendly’ ’ people
in the neighborhood by one-half of the high ED respondents (Table
8). The need to explore new social relationships may influence the
respondent’s own neighboring relationship. As the individual’s
disposition was less oriented towards exploring new relations the
greater were his tendencies to perceive his neighbors as “ friendly. ”
From our data, low ratings on the ED scale were associated with
higher proportions of respondents describing their neighbors as
“ friendly. ”

TABLE 8: ENVIRONMENTAL DISPOSITION FOR
RESPONSES TO THE NEIGHBORHOOD
Percent Giving
Area Highest
Rating on E.D.
N(Base of
Scale
Percentages)
Visual Assessment
on Neighborhood
Attractive
Neutral
Unattractive

74.0
13.0
13.0

Neighborhood as a
Place to Live
Good
Neutral
Poor
Dwelling Satisfaction
High
Medium
Low

65.3
34.7
0.0

Neighborhood Satisfaction
High
Medium
Low

60.9
34.7
4.4

People in Neighborhood
Friendly
Neutral
Unfriendly

47.8
43.4
8.8

65. 2
21. 8
13. 0

No.
Friendly People
Neutral
Unfriendly People
Total

%
21 52. 5
15 37. 5
4 10.0
40 100.0

No.
Similar
Neutral
Dissimilar
Total

14
13
13
40

%
35.0
32.5
32.5
100.0

Frequency of Neighboring
No.
Every day
Several times a week
Once a week
Once a month
Total

14
15
7
4
40

%
35.0
37. 5
17.5
10.0
100.0

Location of Neighbors
No.
Within a half-dozen houses
Elsewhere in Ridgefield Park
In the city
Out o f the city
Total

22
5
10
3
40

%
55.0
12.5
25.0
7.5
100.0

CONCLUSION
After six months of occupancy in Ridgefield Park the residents
appeared to be self satisfied and generally pleased with their new
environment. Considering the unsatisfactory conditions of their
previous habitats these attitudes were plausible. While there were
areas of dissatisfaction with the dwelling and the neighborhood, it
is clear that the positive attributes far outweigh the negative attri
butes, at least for a majority of the residents.
Inquiries about the respondents’ expectations of an “ ideal”
environment suggest that major importance is associated with all
the attributes of the dwelling and neighborhood environment. It is
assumed that longterm residency may influence a higher level of
discrimination in the importance of environmental attributes,
particularly since there may be a heightened awareness of impor
tance due to the contrast in living conditions within a short period
of time. There also appears to be a relationship between attributes
described as “ unsatisfactory,” in the present environment and
responses of “ extremely” important in the ideal setting. The
implication is that negative aspects of the present environment may
be highly exaggerated in expectations of the ideal environment.
Proximate neighboring, or sociability between neighbors, is
a characteristic of many families where there is a perceived
homogeneity among the residents. The similarity in value orien
tations toward neighboring behavior combined with the strong
feelings of neighborhood solidarity reinforce the resident’s satis
faction with his neighborhood. Descriptions of “ friendly” neigh
bors were also associated with high neighborhood satisfaction. It
is important to note that the need for mutual aid in neighbors is
highest during early occupancy and as families adapt to their new
surroundings, new neighboring patterns may emerge if the feelings
of friendliness and similarity do not persist. It is clear however
that the research findings in this study support the “ compatibility
theory. ” Based on the positive relationship between Neighborhood
Satisfaction and Neighborhood Solidarity it is hypothesized that
attitudes toward solidarity may be a reliable predictor of an in
dividual’ s positive feelings about his environment.
The physical attributes of the environment are important as
they contribute to or interfere with the resident’s life style. The
negative characteristic of this residential setting was the noise
factor, where the children’s contribution was substantial. The site
planning arrangement featured dwelling clusters where the open
public spaces were conducive for children’ s play. The relative
isolation of the project from other recreational resources re
strained the children’s mobility such that a majority of the children
who live in the project were observed daily, engaged in various
play activities within the project boundaries.
Lansing’s studies in “ Planned Residential Environments” (21)
point out that the evaluation of the neighborhood as “ noisy” contrib
utes to the variation in neighborhood satisfaction in both high and
low density areas.
While it has been stated that direct access to the outside maxi
mizes control in child rearing, it should be further suggested that
the nature of the outdoor areas should include sufficient play objects
and play spaces and that easy access in and of itself is insufficient.
The lack of private open space has been described as an
important element related to the residents’ dissatisfaction. This
restrains the ability for active family pursuits, particularly when
outdoor private area was an existing condition prior to the resi
dents’ relocation.
From our findings we can impute that improved housing
increases the awareness level of the residents and ultimately may
influence their housing aspirations.
These findings generally support the notion of the relatedness
of the physical environment and social conditions. While it has
been stated that the architect has never systematically evaluated
his product, the knowledge gained can be viewed as a positive
source for the improvement of the environment.
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AN APPROACH TO IMPROVING THE Q U A L ITY OF LOW COST URBAN HOUSING
by
Donald N. Rothblatt*

INTRODUCTION
Urbanization, as a world-wide phenomenon, has created
enormous housing shortages for low income families. Almost
every nation, industrialized and developing alike, is struggling to
improve the quality of low cost urban housing.
A variety of programs may be required to meet the housing
needs of low income families in a given society. (1, 2) It seems
likely, however, that government involvement in the construction
of housing units will be necessary in most countries in order to
bridge the gap between the demand and the private supply of stan
dard low cost housing units. (2, 3) Indeed, even nations which
traditionally rely strongly on the private market recognize the
importance of government assistance in the housing construction
field. For example, programs such as Operation Breakthrough in
the United States have emerged in order to find methods and pro
cedures for large scale production of low cost housing.
Despite these new efforts, surprisingly little is known about
the social and psychological implications of large scale-high density
housing. Although several investigations suggest that changes in
the design of housing and related facilities may have substantial
social and psychological implications, the evidence is not conclu
sive. Several studies find important relationships between design
features of the housing environment such as streets, courtyards,
play areas, building arrangements and interior space, and socialpsychological factors as self esteem, intrafamily relations, friend
ship patterns and group participation. (4, 5) Other investigations
point to little or no relationship between the physical environment
and social life. (6, 7)
While this confusion exists about the social and psychological
effects of the housing environment on all income groups (8), middle
and upper income families can at least exercise some of their
preferences in the private market for new housing. Low income
fam ilies, however, have had a limited opportunity to exercise their
housing preferences mostly because they simply do not have enough
income to participate in the private new housing market. Con
sequently, many low income families live in old housing, often in
deteriorating condition, which were originally designed according
to the tastes and standards of others many decades ago.
The low income families living in new housing are largely
public housing residents. Although such housing provides modern
facilities, they are often built with respect to standards devised by
middle class tastes—tastes which may be markedly different from
those occupying the housing. (9) Thus, paradoxically, the housing
design and construction standards used in public housing may not
reflect the needs, life styles and preferences of low income families
although such housing is designed specifically for these groups.
This paper will present evidence which might help structure
the social and psychological implications of the housing environment.
The impact of large scale-high density housing on low income
families will be examined through two case studies: Marlboro
Houses, a New York City Housing Authority Project; and Bouwlust
I Housing Estate, in The Hague, Netherlands.

MARLBORO HOUSES

Marlboro Houses is considered one of the most successful lowincome projects in New York City. (10)
The site, which is comprised of two superblocks, totals 33.8
acres in area. Located within the development are 25 seven-story
doubly loaded hailed buildings and three sixteen-story buildings
having communal terraces on each floor. These structures house
approximately 1,765 families, or 7,110 persons. The building
coverage is 13.4% and the population density is 52 families or 210
persons per net residential acre.
Research Method
During the summer of 1963, a modest sample of the adult
population of Marlboro Houses was studied. The effort compared
some of the social and psychological effects of the public housing
environment on two groups: families living in typical seven-story
Housing Authority buildings; and families living in sixteen-story
buildings having a communal open terrace on each floor.
Based on theories of personalities and development and recent
social and psychological investigations concerned with the housing
environment, the following Human Need variables, which seemed
to be influenced by the design of housing, were formulated. (11)
1. Family Needs
a) The relative ease with which parents can supervise
children’s activities outside the apartment.
b) The frequency of mutually shared, leisure time, family
activities within the home and immediate neighborhood.
c) The extent of husband’s participation in work activities
within or near the home.
2. Belongingness Needs
a) The relative ease of making friendships with one’s
neighbors.
b) The degree of participation in informal and formal
groups.
3. Esteem Needs
a) The degree of pride in the appearance of family’s
apartment and building.
b) The feeling of family status with respect to friends
and relatives living outside the project.
c) The husband’s sense of accomplishment with respect
to his leisure time activities.
4. Independence Needs
a) Relative ease in obtaining family and personal privacy.
b) Satisfaction with the size and arrangement of family’s
apartment.
c) Feelings concerning the uniqueness of each individual
apartment or building.
A series of questions concerning each variable was devised
and put into the form of a questionnaire schedule. Some of the
questions were weighted equally and a summated score was devised
for each Need Variable. (11)
The field work, which was conducted outdoors on the grounds
of the project, consisted of personal interviews lasting from one to
one and one-half hours. After the data were collected, an attempt
was made to relate the results to specific aspects of the physical
environment.
Sample

Marlboro Houses, a New York State-aided low rent public
housing project, lies in the southern edge of New York City in the
Gravesend Section of Brooklyn. The project, which was completed
in 1958, is adjacent to a well-kept middle-income residential
neighborhood, characterized by two-family houses. Based on a
variety of physical, social, economic and architectural criteria,

All the families studied were of the conjugal type, consisting
of a husband, wife, and one to three children with at least one child
under seven years of age, and all children under fifteen. The ages
of the adult members of the family varied from 27 to 41 for the
wives, and 30 to 46 for the husbands. All families studied had
resided in the project for at least two years.
Since about 90% of the total conjugal families in Marlboro
were white, the sample included only white families. In addition,
using the criteria of age, income, family size and site location,

♦Professor and Chairman, Urban and Regional Planning Depart
ment San Jose State College, California.
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the sample residents appeared to be fairly typical of most of the
conjugal families residing in the project. (12)
Of the total number of 1,747 families living in Marlboro
Houses, 1,188 families were considered eligible for examination
by the above-mentioned criteria. Of the latter, 40 fam ilies, or
approximately 3.4% of those eligible, were interviewed through
chance meetings o f the respondents on the project site.
Study Group “ A ” consisted of 20 families living in the doubly
loaded hailed seven-story buildings, while Group “ B” consisted
of 20 families residing in the sixteen-story structures having a
communal terrace on each floor. Both groups were divided into
two subgroups consisting of ten families living on floors 1 to 3
(Groups “ A l ” and **81” ) and ten families residing on floors 4
and up (Groups **A2” and **B2” ).
A ll study groups were generally matched with respect to
income, race, age and education of adults, age and number of
children and length of residence within the project. Because house
wives usually have a greater familiarity with the housing environ
ment than their husbands, all of the respondents interviewed were
female heads of households.

2.

3.

Findings
While Hie sample employed was not large enough to offer
irrefutable evidence, the data did yield strong directional tenden
cies which deserve serious attention. Some of our findings are
shown in Figure 1 and are discussed below:
1. Family Needs
Group B, residing in the terraced buildings, had total
scores which were substantially higher than those obtained
by Group A , living in typical buildings. The most impor
tant factor influencing this finding appeared to be communal
terrace which enabled Group B parents to easily observe
their young children playing in a safe, semi-outdoor
environment. The terrace also enabled Group B families
to spend somewhat more free time together near the
apartment, as it offered convenient semi-private outdoor
family space. In addition, the terrace seemed to encour
age husbands to do more work in the vicinity of the home,
as it enabled them to conveniently perform work outdoors
which would be difficult to do within the apartment ( e . g .,
repairing household furnishings).
4.
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Thus, the satisfaction of Family Needs appeared to
be substantially greater within the terraced buildings as
compared to typical structures. Also, lower floor apart
ments , especially within typical buildings, seemed to
more easily meet the Family Needs of the residents than
upper floor units.
Belongingness Needs
Group B ’s total scores were considerably higher
than those obtained by Group A. Again, the terrace
seemed to play a major role in that it offered the adult
members o f Group B families an easily accessible outdoor
area where they could loiter in close proximity to other
adults doing the same. Thus, the number of.close friend
ships and group membership was greatest among Group B
residents. As before, lower floor position, particularly
in typical buildings, appeared to more readily satisfy
these needs than upper floors.
Esteem Needs
The total scores for Group B were again substantially
greater than those obtained by Group A. Such results
appeared to be due to the somewhat “ more attractive” or
different appearance of the terraced buildings. This
difference in building appearance seemed to allow Group
B residents to differentiate their buildings from Group A
buildings which were generally stamped with the stereotyp
public housing design. M oreover, friends and relatives
living outside the project who visited Marlboro residents
may have been similarly affected, as the score of **what
others think of your living here” was significantly higher
for Group B than it was fo r Group A.
Another factor responsible for the high score of Grouj
B was the relative ease with which Group B husbands
appeared to gain a sense of accomplishment from their
leisure time activities near the home. The terrace again
was a critical feature as it provided easy access to out
door work space not usually available to typical apart
ments .
Thus, compared to typical structures, the terraced
buildings were substantially more successful in meeting
the Esteem Needs. However, with respect to floor positic
there was little o r no difference in the gratification of the*
needs.
Independence Needs
There were little differences in overall satisfaction
scores of Independence Needs between the two building
types. However, there were two specific differences in
that typical buildings afforded more audio and visual
privacy and the terraced structures seemed to be more
unique in appearance. With the exception of more privacy
in upper floor apartments within typical buildings, there
was no significant difference in the fulfillment of Indepen
dence Needs with respect to floor position.
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BOUWLUST I HOUSING ESTATE
Bouwlust I Housing Estate, a publicly assisted housing project
(13) is part of a larger Bouwlust-Berestein-Vrederust housing
development on the southwest edge of The Hague. Although the
project was built during the 1956-1964 period, roughly two thirds
of the housing units were completed by the end o f 1959.
The four superblocks of the site, which total approximately
4,870 acres, are grouped around a core of community facilities.
Unlike the Marlboro project, this site contains 100 structures
which represent a wide variety o f building types ranging from two
story row houses to 13 story apartment towers. These structures
house about 2,457 families or 8,830 persons creating an overall
population density of approximately 50 families or 200 persons per
net residential acre. (13)

G ro u p
INDEPENDENCE NEEDS

Research Method
In the autumn o f 1964 we attempted to replicate the Marlboro
stuffy for a comparable sample of working class families living on

F%. 1. Total Scores o f Need Variable*: Marfboro Homes
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types seemed to be more responsive to Family and Belongingness
Needs than were upper floor dwellings.
Based on these conclusions it would seem desirable to design
low rise structures for families with children. If high rise-high
density housing cannot be avoided, communal terraces should be
provided on each floor which can serve as surrogates for the
courtyards with related social activities available to low rise
structures. For the sake of Esteem Needs particularly for lower
income groups, it would seem desirable to create mixed housing
developments in terms of social status and building type.
These conclusions, however, are far too general for direct
application and if used blindly could reap negative social returns.
For example, the perception and use of housing environments
appear to vary with social status. Stable working class families
often develop a “ territorial sense” of external space, extending
social relations well beyond their dwellings (14), while lower
class residents might view such space as harboring potential
dangers and withdraw to their individual apartments. (15) Thus,
communal terraces found so helpful to the life styles of working
class families in Marlboro Houses and Bouwlust I, had a disas
trous impact on lower class families elsewhere due to the threats
they generated to Physiological Needs—adequate shelter for safe,
secure and healthful living. (15)
Clearly, the general conclusions outlined above need to be
modified by many factors before they can be useful to designers
and planners of the physical environment. Perhaps what is needed
is a kind of “ information system” (16) which could relate the
needs, life styles and preferences of various client groups to
environmental factors such as characteristics of building types,
personal and family interior space, private and communal outdoor
space, community facilities and the social and physical features
of the neighborhood and larger community. (5, 17) With this kind
of reference frame, designers and planners might be in a better
position to create more sensitive and humane housing environ
ments than is presently the case.
While the information required to complete such a system is
not yet available, it could be obtained incrementally for each new
large scale housing environment being planned. (18) In particular,
efforts to incorporate the needs and preferences of client groups
in the planning of their own environments could help considerably
in generating the information needed. (19, 20) If this participatory
approach were integrated with such efforts as the mass production
of low cost housing and the development of new towns (21, 22), the
quality of low cost urban housing could be substantially improved.

the Bouwlust I site: families living in non-terraced thirteen story
buildings; and families living in seven story structures having a
communal open terrace on each floor. The Marlboro questionnaire
translated into Dutch was applied in a similar manner to that of the
New York study.
Findings
As shown in Figure 2, the findings indicate that the terraced
structures had the same general impact on Bouwlust I residents
as on their counterparts in Marlboro Houses. Buildings having
communal terraces appeared to meet more fully the Family and
Belongingness Needs than the non-terraced structures, with the
latter ranking somewhat higher on Independence Needs. From
this data and the informal remarks of the respondents, it appears
that the social forces explaining this scoring pattern in Bouwlust
I were similar to those explained earlier for Marlboro Houses.
One major difference between the two housing developments is
reflected in the scores for Esteem Needs. At Marlboro the score
for Group B was substantially higher than that for Group A mostly
because of the relatively unique and attractive appearance of the
terraced structures compared to the other conventionally designed
buildings having a clear low cost housing image. By contrast, at
Bouwlust I Groups A and B had similar scores for Esteem Needs
because both the terraced and non-terraced structures were found
equally attractive and unique. This was due not only to the specific
designs but also because of the wide range of building types on the
Bouwlust site. In addition a substantial portion of the Bouwlust
residents were middle and upper middle class which increased the
overall social status of the project to which all other site residents
could relate. (13) Thus, Groups A and B had similar scores for
“ what others think of you living here. ”

Group
BELONGINGNESS NEEDS

Group
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CONCLUSIONS
As a general conclusion it appears that the data yielded strong
tendencies favoring the Terraced Structures as well as some
indication of lower floor superiority. As shown in Figures 1 and
2, with the exception of a small difference in the Independent Needs
scores and mixed results for the Esteem Needs, the Terraced
Buildings appeared to be considerably more successful in meeting
the Family and Belongingness Needs than were the non-terraced
structures. Moreover, lower floor apartments of both building
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CODES AND STANDARDS FOR MOBILE HOME COMMUNITIES PAST - PRESENT - AND FUTURE
by
Herbert Behrend, P.E.*

INTRODUCTION
A mobile home community is more than a mobile home park.
PEOPLE make a mobile home park a mobile home community.
A mobile home community is a friendly neighborhood to which
you belong, and with which you identify yourself. People need to
be given a chance to recreate—to restore and refresh their strength
and spirit within their living environment. They should not need
to drive away to find recreation. Communities throughout history
have fulfilled these basic needs; needs which can be summarized
in the following four potential activities:
- To walk safely around the neighborhood at any time.
- To explore nature while strolling or riding down the wooded
path.
- To enjoy a patch of green with all the privacy and space
needed.
- To be able to go to sleep without nearby traffic noise.
These activities need to be translated into CODE LANGUAGE.
Urban sprawl is the result of gridiron designs, and, by the
same token, good and clever land planning helps community de
velopment. The small community, the neighborhood, is an im 
portant link between the home and the nation.
To further ramify the scope of this paper, a few quotes ap
pear appropriate: “ Man is the only creative animal on earth,
though paradoxically his resistance to change sometimes can be
almost heroically obstinate. He builds institutions in order to
preserve past innovations, but in that very act often fails to pro
mote the environment for the growth of new ones” ; Robert S.
McNamara in his book ‘The Essence of Security’ . Thomas Jef
ferson has said the following: “ I am not an advocate for frequent
changes for laws and Constitutions, but laws and Constitutions
must go hand-in-hand with the progress of the human mind. As
new discoveries are made and as manners and opinions change
with the change of circumstances, institutions must advance to
keep pace with the time. ” To explore this thought one step fur
ther, codes and standards can become a catalyst for new innova
tions. This is expressed in a quote by Jean Monnet, who delivered
the Common Market: “ Human nature does not change, but when
nations and men accept the same rules and the same institutions
to make sure they are applied, their behavior towards each other
changes. This is the process of civilization itself. ”
Indeed, new rules demand new institutions, and change they
must. Conflict is inevitable. Just imagine what lies ahead of us:
by 1980 between two-thirds and 80% of all housing built in this
country will be factory-made (according to Secretary Romney).
And, the past was not without conflict either. To describe the
past, present and future of codes and standards for mobile home
communities, and to come up with a few conclusions, is the pur
pose of this paper.
PAST

Temporary housing has a tendency to become permanent hous
ing. The “ trailer” was considered a temporary shelter for people
in transit. It measured only 22* x 7* in the 1930’s and would not
have been considered a safe and sanitary form of dwelling by ex
isting housing standards. A number of trailers usually were
grouped together to use common sanitary facilities located in a
nearby service building.
Public resentment of these “ trailer camps” became obvious
when some kind of justification prevailed that its occupants used
the trailer indiscriminately, and not for the purpose it was orig
inally designed. In a court case at Orchard Lake, Michigan, 1936,
^Mobile Home Research Foundation. Director of Planning and
Consulting Services, Mobile Home Manufacturers Association,
6650 N. Northwest Hwy. Chicago, Illinois 60631.
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People v. Gumarsol, (1) the Chief of Police testified that, “ trailerites roll in and proceed to enjoy all the privileges of the lake
without paying taxes . . . and they aren’t discreet in getting into
bathing suits, either. ” Public resentment was not directed against
the trailer per se, but against the people who owned and occupied
them. Tax issues and vague moral issues appeared at this early
stage.
Communities were unprepared to regulate the trailer. So far,
the trailer had been subject only to state vehicle codes outside the
jurisdiction of municipal control. When local governments expe
rienced some problems with the trailer as a dwelling and desired
to regulate this type of housing, they found that legal precedence
did not exist. The tourist cabin appeared to be a similar form of
housing and early trailer ordinances, therefore, were patterned
after existing ordinances regulating the tourist cabin. These or
dinances limited the location of trailer courts to non-residential
land uses and provided for only short-term occupancy. To control
its transiency, trailers were allowed to be parked only in licensed
courts.
To apply building and housing codes to the trailer appeared
invalid because the trailer was considered as an automobile acces
sory. An entirely new set of rules for a new form of housing
needed to be established. There is no evidence that this problem
was solved, nor even trackled, before the end of World War n .
Only some strange and misplaced provisions to prohibit the re
moval of trailer wheels appeared in the 1930’s . Regulations of
this kind boomeranged and solidified the position not to apply local
building and housing codes to the trailer. In addition, this point of
view paved the way for the industry to develop their own set of
standards, regulations, and ordinances.
World War H prompted a housing crisis and trailers were
used increasingly as permanent housing. The Federal Govern
ment recognized its availability as expedient substitute housing
and tolerated its use, hoping that the housing market would return
to normal. However, housing shortage increased and more peo
ple turned to the trailer to house their families. And so, the
temporary shelter became more and more a permanent dwelling.
Larger and larger units were produced containing kitchen, toilet,
and complete bathing facilities. The complete independent housing
unit appeared in the 1940's, and the evolution from the trailer to
the mobile home was completed. The mobile home functioned as
a house, similar to any other single-family dwelling. When the
housing crisis in the early 1950’s subsided, the livability of the
mobile home reached a point where they were competitive with
low-cost housing and the mobile home industry pointed out at that
time that, “ the mobile home is here to stay. ” In 1956, the name
change from “ trailers” to “ mobile homes” was made official by
the Mobile Homes Manufacturers Association. The reason was
to distinguish between mobile homes and travel trailers, i .e .
between dwellings used for permanent occupancy and short-term
occupancy.
Most other ingredients which made the mobile home possible
had at first a negative effect but became a blessing in disguise.
Local regulatory agencies ignored the mobile home and yielded
its control to State Motor Vehicle Departments for proper licens
ing. Sanitation problems and other health and safety hazards fell
by default of local agencies into the jurisdiction of the State Health
Departments. The Federal Government provided guide lines in
the form of publications. The U.S. Public Health Service issued
in 1953, “ Trailer Court Sanitation with Suggested Ordinances
and Regulations. ” F.H .A . followed five years later with “ Mini
mum Property Standards for Mobile Home Courts. ” All standards
and ordinances were updated from time to time in close cooperation
with MHMA and affiliated industry associations. Today, these
standards have found their way into a new document recently pub
lished: American National Standards Institute (ANSI), A119.3,

which is a companion to A119.1 and covers the area of Mobile
Home Park Standards.
Governments in all levels did not fully recognize the need for
solving problems in areas concerning zoning. Their typical re
sponse at critical times was to relax various provisions in their
ordinance, in particular, the ones related to time limits subscrib
ing the length of stay of families in their community. Gradually,
tourist-court ordinances, with their time limit provisions, be
came less frequently the basis for litigation; instead, building and
housing codes became the subject matter on which court decisions
were based. The effect was that courts considered the mobile
home as a dwelling rather than a vehicle. This became the rule
compared with earlier findings.
Throughout the years, the courts made certain basic decisions
which involved constitutionality of zoning ordinances which pro
hibited mobile homes from entire political subdivisions. In the
State of New Jersey, mobile home park development was curtailed,
and practically lay dormant for 10 years because of the decision
in the famous “ Vickers” (2) case in 1962. The validity of an or
dinance prohibiting mobile home parks in the township was sus
tained by the Supreme Court of New Jersey and dismissed by the
Supreme Court of the United States. However, otherwise courts
were generally consistent in holding this type of ordinance as
unconstitutional because they were beyond the reasonable exer
cise of police power. They were considered an infringement of
the Fifth and Fourteenth Amendment of the Constitution as it af
fects the property rights of individuals. Even in cases which
involved individual mobile homes on individual lots, it was ruled
that the police power cannot be invoked on purely aesthetic
grounds. (3)
However, regardless of how numerous these cases, the mo
bile home remained a form of housing to be allowed in mobile
home parks only, and the mobile home park remained in areas of
non-residential zoning and land uses. When laws of this kind were
challenged, courts usually overruled such laws but many commu
nities never experienced such challenge, and in effect still prohibit
mobile homes today.
In the meantime, the mobile home industry continuously im
proved its product. They improved their design without cost in
creases; they doubled and tripled the floor area while decreasing
construction cost per square foot from $10.00 to $8.50. They
made mobile home living more convenient and more desirable.
Last, but not least, the industry adopted self-imposed standards.
These standards covered, in particular, the quality of its heating,
plumbing, and electrical systems; structurally, at the time, the
mobile home was still a trailer. The MHMA code was approved
by the American Standards Association in March, 1963. A stan
dard seal placed near the door of each mobile home acknowledged
that this particular unit was built in accordance with ASA 119.1
Standard (ANSI A119.1) and gave the prospective mobile home
purchaser obvious and apparent consumer protection. Policing
of this code was conducted by MHMA except in the State of Cali
fornia. However, today 27 states have adopted this particular
code and enforce it on state level, alleviating, thereby, a situation
which can be considered a weakness in code enforcement. Soon
after adoption of the Standard for Electrical, Plumbing and Heating
Systems, it became apparent that this code lacked a vital portion
so important for building officials and local enforcement agencies:
a standard for body and frame construction. To fill such need,
MHMA and the Trailer Coach Association, (the west coast affiliate
of MHMA) began to develop construction performance specifications.
In 1967, the membership of these organizations accepted a model
code entitled “ Minimum Body and Frame Design and Construction
Standards. ” This code was claimed to be the first performance
standard of its kind in the entire home construction industry.
Despite improvements in the area of standards and standard
enforcement, and despite the fact that the mobile home industry
indeed provided low-cost housing acceptable to the public, it be
came obvious that these changes have not significantly influenced
the attitude towards mobile homes of regulatory bodies of most
communities. This practice had the effect that mobile home parks
were designed and mobile home communities were managed as a
separate entity, not included in the general plan of a community,
and their residents remained, to some extent, outside the main
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stream of the community and experienced an isolating effect.
Today, it appears that the mobile home industry has gone
through a period of time in which lack of interest and initiative by
most municipalities to establish new legislation for a new type of
housing has brought about our present situation.
PRESENT
The advent of the mobile home is an American phenomenon.
What brought it about? Was it the image of the covered wagon?
Was it excessive horsepower of the American automobile which
enabled it to pull a heavy travel trailer? Was it that the postwar
affluent American could afford a “ toy” like that? Or, was it
because our institutions condoned them until they could not wish
them away anymore ?
In his last presentation, before the same forum, the author
gave evidence through charts and slides that room modules manu
factured as large as practicable will inevitably succeed to provide
the bulk of housing in the future. (4) Only the mobile home was
able to meet certain criteria established as prerequisites to pro
vide low -cost housing. They can be summarized as follows:
capacity to produce in an economy of scale; speed of construction
and fast turnover of capital; efficiency of a factory environment;
mass purchasing and package financing. It was demonstrated that
only simultaneous application of all qualities involved can produce
low-cost housing, that any one quality without the other is inade
quate, and that half measures cannot succeed. This is the reason
the mobile home industry continues to break records, both in the
area of production and cost per square foot. E .g . Today, it is a
known fact that “ modulars” , in order to be competitive, must be
sold before they are manufactured. Why? Because they must
comply to local codes and standards. While 95% of the construc
tion can comply to general standards, the remaining 5% have to
be walked down the assembly line due to compliances with local
standards. Therefore, modulars have little cost advantage over
stick-built housing. Of course, on-site labor expense is another
important factor, which increases cost tremendously. But, the
lack of uniform codes and standards is the real problem.
Government subsidies for marginal construction methods and
projects only prolong the process to lower costs per square foot
and if an entire antiquated building industry is subsidized, all
benefits technology can provide for the public are forestalled.
Feather-bedding of the home building industry by the government
through subsidies of all kinds occurred in Germany during the
post-war decades. The result is evident: The building industry
remained relatively undeveloped and neither produced “ m iracles”
nor a “ breakthrough” . In the United States, a similar experience
is possible if subsidies are handled carelessly and the vital branches
of our industry are neglected in favor of the sick ones.
Following is an example of governmental cross-purpose pol
icies: The FHA office in a larger city in the southwest insured
loans for the construction of various mobile home parks in the
area with the result that more than one thousand of its spaces are
vacant at the present time. What happened? FHA insured other
housing projects simultaneously through interest and rent subsidy
programs 235 and 236, which have lower down payments and lower
monthly payments than people could expect to pay when living in a
mobile home park. Now, the taxpayer has to pay the “ difference” ;
first, in terms of delinquent mortgage payments for mobile home
park developments and then, in terms of subsidies for low-income
families who cannot quite afford the homes in which they live.
Secretary Romney, in his housing goal report in June, 1971,
told Congress (5):
“ Assuming completion of six million subsidized units.. . .
by 1978, estimates suggest the government will be paying
at least $7.5 billion annually in subsidies. Over the life
of the mortgages, this could amount to the staggering
total of more than $200 billion. ”
There is no question about the popularity of the subsidy programs
235 and 236, but the Secretary describes his concern (5):
“ I find no real incentive in there for anybody to see that
this program is going to operate on the soundest possible
basis other than those of us in the federal departments.
Everybody is out there to take advantage of the situation. ”

These new separation requirements, in conjunction with lot
coverage ratios, are today generally accepted standards on a
national level. They will become, sooner or later, an every day
working tool for the mobile home park designer. Particularly
the resourceful designer will explore new concepts and the progres
sive builder will find practical applications.
The following illustrations are a first step in the right direction
making use of “ zero clearance between units” and “ zero open
space depth. ” Figure D.S. illustrates a mobile home duplex
placed centrally on the lot line with fire resistant material between
the units. To carry this thought further, Figures S .F .P . and S.F.
show a fourplex based on the same principle.
Methods and concepts applied to single wides normally work
as well when applied to doublewides. Figure D .F . demonstrates
an eight-unit cluster without any accessory structures. The yard
is private and spacious. This concept can be expanded to triple
wides if interior courts or skylights are introduced.
Accessory structures indeed can “ make the difference” and
build up the area between the mobile home stands. See Figure
R .L .F . If this figure is studied carefully, it should be noted that
this unit arrangement secures privacy at its optimum.
The kitchen of one unit is not located near the kitchen of the
next unit, and the bathroom of one unit is not located near the bath
room of the next unit, and so o n ... This layout compares favorably
with similar layouts of apartment and condominium type housing
where kitchens and bathrooms of neighboring living units are lo
cated next to each other in order to be served by the same plumb
ing tree.
Further study will reveal other advantages. And certainly,
many more combinations are possible and perhaps practicable,
yet, what has been demonstrated is — that code changes and new
standards can set new trends and become a catalyst for innovations.
They should reflect the thoughts of the time, and zero clearance
between mobile homes is a new and workable thought which can
stimulate park development beyond expectation.

And, he continues (5):
“ We are getting letters, in which families say so-and-so
moved next door in a new home. They are subsidized.
My income is what theirs is. I bought my home. Why
should I help pay for this family” ?
Housing is an area which is highly political. Therefore, im
provements in this area can have significant effects on lowering
the cost of housing. Feather-bedding and nourishing of an ailing
conventional home building industry and obsolete codes and stan
dards are political factors which make it difficult to attain lower
costs in housing and a home everyone can afford to own. Accord
ing to a recent survey, 85% of all Americans want to own a home
and obviously are aware of all its accompanying responsibilities
and satisfactions. Only 65% achieve this goal and the gap is in
creasing. That is our situation today, what will the future bring ?
FUTURE
A promising future for the mobile home industry lies ahead,
if the success story of the ANSI Standard A119 continues and is
broadened to include codes for entire mobile home community
developments. But, a standard is only as good as its insitution,
which created it and which is authorized to improve and change it.
ANSI A119 not only incorporates the latest knowledge and judgment
of the people most experienced in this type of housing, it also rep
resents all parties concerned in a proper relationship. Committee
representation includes at the present time, six representatives
from public agencies, (Federal, State and Municipalities), five
from the manufacturing industry, four from independent testing
and code writing organizations, three from consumer organizations,
two from commerce organizations, and one from insurance com
panies.
The program presently under way to introduce and to promul
gate the new ANSI Standard as State law is being accelerated. It
is a minimum standard below which no community should fall. No
changes should be made during the course of adoption to prevent
restrictive practices. Therefore, it is so important to adopt stan
dards by reference. The latest edition should automatically super
sede the prior one on any governmental level and should be in force
immediately following its adoption by ANSI.
This described course of action is typical for highly technical
standards. There is no reason why it should not also be applied
for codes and standards including zoning regulations for mobile
home parks. Existing model ordinances and standards developed
by HUD or HEW could be merged and rewritten by ANSI’s techni
cal committees and processed in the same manner as ANSI’s
technical standards for mobile homes with the result of creating a
uniform code for mobile home communities.
A clear distinction should be made between zoning, building
and housing codes. Zoning should concern itself only with longrange planning and broad density regulations. Building codes
should regulate only the construction of a new development and
housing codes should guard the environment and govern the area
of maintenance.
A model ordinance which adheres to these principles appears
as part of the Environmental Health Guide. (6) This HEW publica
tion recommends standards which set forth minimum lot coverage
ratios - a new tool to regulate lot sizes. No reference is made to
lot width, lot depth and yard requirements. Lot coverage ratios
take their place. Here is the way this subject is treated:
“ Mobile home stands shall not occupy an area in excess of
one-third of the respective lot area. The accumulated oc
cupied area of the mobile home and its accessory structures
shall not exceed two-thirds of the respective lot area. ”
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This is a new method to regulate lot sizes. It eliminates lot
width, depth, and rigid square foot requirements and it also re
laxes separation requirements. To quote from the Environmental
Health Guide: “ The minimum distance (between mobile homes)
can be z e ro .. . .when the plan incorporates means of fire protec
tion. . . . ” Side and rear lot lines become insignificant; as a matter
of fact, they become quite frequently synonymous with building
lines since it is now possible to build up and improve the lot exactly
to this line.
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1. The mobile home industry should improve its low research
intensity. Research precedes standards development. Universities
and other research institutions should assist in this task. Profes
sional societies should become more involved. To quote from the
Douglas Commission Report (8):
“ It is extremely necessary to bring into these operations
(of code development) groups, such as the professional
engineers and architects, who have not participated fully
in national endeavors relating to standards and product
approval. ”
2. The mobile home industry should accelerate their program
to develop codes fo r park construction (Building Code) and commu
nity maintenance (Housing Code). This should be done through the
American National Standards Institute. ANSI should insist upon
adoption of their code exclusively by reference in order to main
tain control of code changes and to prevent that obsolete require
ments remain as law on the books indefinitely and multiply the
deviations from one local code to another. Institutional changes
are needed to allow for automatic adoption by reference. P ro
posals for changes of this kind appear in “ Recommendation #1”
of the Douglas Commission Report (7) entitled: “ Establishment
of a Council for Development Standards. ”
3. The mobile home industry should concentrate more on
competition from without rather than from within and develop a
visually more appealing house which can satisfy the aesthetics of
the community. If the mobile home remains in public opinion,
housing for lower income only, then even the poor people don’t
want it.
Improvements in these three areas - aesthetics, uniform
codes, and involvement of the best resources - will result in
diminishing the isolating effect which mobile home parks expe
rience today. Mobile home communities then will be included in
the general plan of the municipality and become part of community
life with all its convenience, comfort and beauty.
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THE TECHNOLOGY AND MANAGEMENT OF MOBILE HOME PRODUCTION
by
Arthur D. Bernhardt*

content of less than 8%. Comparable percentages for modular
manufacturers are normally on the order of 14-17%. The industry
is the only producer of low-cost housing today (on a first-cost
basis), selling a completely finished and furnished dwelling unit at
an average F.O .B . price of $5.00 to $6.00. Equally significant,
during the last 15 years the per square foot costs have slightly
declined, although the product has been much improved. What
explains this outstanding performance—management or technology?

The author presented a paper (1) to the First International
Symposium on Low Cost Housing Problems Related to Urban
Renewal and Development, on the present situation and future
development of the mobile home industry, using this macro
analysis as a case study to demonstrate that the industrialization
of the building industry is primarily an economic-political rather
than a technological problem. This paper supplements that first
one by examining one function—production—in greater detail, to
show again that outstanding production efficiency as a result more
of sophisticated management than of high technology.

THE MANAGEMENT OF PRODUCTION
A SYSTEMS APPROACH TO HOUSING PRODUCTION

Production Management

Mobile home production represents a consistent systems ap
proach to housing production. Management and technology of the
production process have been designed to achieve the process
objective—that is, the end product as defined by regulatory con
straints, performance criteria, and market preferences—with the
most efficient utilization possible of the basic resources of labor,
materials and money. The efficiency of labor is optimized by
developing the most efficient method of performing a specific
operation (as opposed to improving traditional building operations),
and by applying basic principles of mass production, including:
division and specialization of labor, standardization and continuous
repetition of operations, simultaneity and continuity of operations,
mechanization and automation of operations (about 90% of heavy
labor operations are automated), standardization of operation
sequence and work flow, mechanization of material handling, pro
vision of a controlled environment, and high-volume production
yielding scale economies.
The efficiency of material utilization is achieved by standard
ized and interchangeable component and product designs which fully
exploit the properties of materials, minimizing and even reutilizing
scrap, resulting in operational, structural and mechanical details
often completely different from those in traditional building. It is
not tradition, but economics, which determines the types of mate
rials used. In the past, mobile home production used aluminum
and steel frame construction. Wood is now only being used because
it is most economical at this time.
The efficiency of the utilization of financial resources is op
timized by substantial cost reductions achieved through high-volume
mass purchasing of raw materials and products (the largest mobile
home manufacturer produces more than 40,000 mobile homes per
year; even the smaller firms benefit from the volume generated
by the industry leaders), by maximization of inventory turnover
ratios, reliance on trade credit extended by suppliers, use of non
union un- or semi-skilled labor, highly cost-conscious design and
control of production process and product, strict application of
basic principles of industrial management, and by highly sophis
ticated management, scheduling, coordination, and control of the
supply, production, marketing and distribution functions.
This systems approach largely explains the much greater ef
ficiency of mobile home production as compared with the production
processes employed by the other segments of the housing industry.
The labor productivity in the industry is much higher; for the pro
duction of 1, 000 square feet of net floor area, in place, exclusive
of land and land development, the mobile home industry needs
between 135 and 230 man-hours, the manufactured home industry
needs 350 to 700, and the traditional residential building industry
from 700 to 1000. This is reflected in the cost structure of mobile
home manufacturing. Direct and indirect labor average 10% of
F .O .B . price, and perhaps 20% of all firms even have a labor
♦Director, Program in Industrialization of the Housing Sector,
U .S .L ., Massachusetts Institute of Technology.
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Among the functions of planning, scheduling and controlling
all production operations, the single most crucial management
function—successfully mastered by the industry—is to synchronize
production with sales, and to constantly and thoroughly monitor
the market for changes which may affect effective demand, and
thus production. Assuring a steady production flow and a reason
able capacity utilization of the plant is vital, because any slowdown
raises overhead per production unit, quickly reducing profit and
ultimately destroying capital. Since seasonality is a major prob
lem in the industry, manufacturers successfully avoid negative
effects of slowdowns by designing and setting up the entire produc
tion and marketing organization so that it can rapidly and effectively
adapt and respond to market changes, which implies avoiding in
vestment in highly automated facilities.
Manufacturers try to maintain steady employment to avoid
layoffs of good men, and because seasonality makes this difficult,
production planning and scheduling is even more carefully managed.
If, on the other hand, sales exceed output, through constant pro
duction monitoring and operational time studies, the production
management seeks to shift more operations from on-line to off
line, in order to minimize on-line labor which in turn reduces
cycle time which in turn increases the output rate.
Quality control is most crucial in an industry in which about
60% of all firms use incentive systems for direct labor. The
complex plant dynamic characteristics call for sophisticated moni
toring and scheduling systems and equipment, involving substantial
(and expensive) management requirements for quality control. Yet,
this emphasis on quality control is another integral and crucial
component of successfully employing the principle of mass-produc
tion in building.
Inventory Management
Maximization of the inventory turnover ratio is a key policy,
as this ratio is a crucial determinant of the profit-investment
ratio. Since mobile home manufacturers handle much larger
quantities of materials than producers in the other segments of
the housing industry, optimization of the inventory management
functions becomes more important.
Consciously using their purchasing power, manufacturers
have shifted the burden of warehousing to the suppliers, often
demanding one or even several precisely scheduled daily deliv
eries—thus in effect implementing a no-inventory policy. The
average turnover of inventories is much higher for the mobile
home manufacturers than for prefabbers or merchant builders.
Accordingly, mobile home manufacturers often earn much more
on their capital. Skyline C orp., for example, some years ago
earned 49% on its capital by turning assets into sales 8 times and
inventories into sales 62 times. Those are probably the best turn
over ratios for the total shelter industry.
Individual operations are characterized by either one df the
two alternative basic procurement approaches found in the industry.
The “ Indiana Approach” aims to minimize the need for in-plant

manufacturing and to limit the operations to assembly, that is, to
purchase as many as possible of the needed components and parts
in as finished or pre-assembled a state as possible. This approach
depends on the availability and proximity of suppliers and subassembly and component manufacturers, as is the case in the
major geographical mobile home production centers, such as
Elkhart, Indiana. This approach is indicated in regions with
shortage or high cost of labor, or if the regional demand is too
unstable or unpredictable to justify investment in raw material
processing equipment. The “ Michigan Approach” seeks to con
trol as many as possible of the raw material processing or basic
manufacturing operations. It is indicated in remote regions iso
lated from component manufacturers or if low-cost labor is
available.

tive material handling can reduce waste, can improve the in-plant
work flow patterns, can reduce costs by more optimal labor and
space utilization, and can increase the effective production capac
ity. The mobile home industry has concentrated much effort into
very successfully coping with the material handling problem.
Mobile home operations are more characterized by careful mate
rial flow planning and effective strategic coordination of using
fork lifts and trucks, conveyors, overhead cranes, hoists and
pallets, than by the degree of production process automation.
Sub-Assembly Operations

Production Organization
Basically, the spine of every mobile home production facility
is the main assembly line, with anywhere from five to more than
twenty assembly stations. Many factors determine the number of
on-line stations, including the production volume, run size and
model variations, the level of mechanization, the skill and mate
rial requirements, and the degree of capacity utilization. Basic
manufacturing and sub-assembly operations take place on one or
both sides of the main assembly line. The layout of the subassembly lines is typically perpendicular to the main line. On
both main and sub-assembly lines, the mechanical, labor and
material resources are stationary. The products travel through
a series of stations in a programmed sequence, meeting at pre
determined stations for sub- or final assembly. The main assembly
line is a completely coupled line—all units move from one to the
next station simultaneously. The production cycle time, that is
the amount of time the unit stays in one station, ranges in efficient
plants from 20 to 40 minutes. The feeding sub-assembly lines are
normally linked to the main line by buffer stations (inventory) thus
avoiding the need for complete synchronization of the flow rates of
all sub-assembly lines with that of the main line.
There are two basic main assembly line arrangements— the
“ side-by-side line” and the “ end-by-end line” . On the first, the
units are placed with their longitudinal axis perpendicular to the
production flow direction; on the latter this axis is in the flow
direction. Sideway movement requires less plant length, is better
suited for production of double-wides, allows more economical
feeding from sub-assembly lines, and can better accommodate
high production volumes. Combinations of both line types are
often employed.
The material flow starts with the in-feed facilities—rail
sidings or truck docks. Materials and pre-assembled and pre
finished components enter the production system at the beginnings
of the sub-assembly lines, and completely finished dwelling units
roll off at the end of the main line. For a given plant capacity,
flow pattern, layout and size of the plant depend much on whether
the Michigan or the Indiana Approach is used. The Michigan Ap
proach must provide much more indoor and outdoor inventory and
storage space, greater numbers of more intensive sub-assembly
stations, and more direct and indirect employment than the Indiana
Approach. Thus, the first approach may result in a 20 acre pro
duction complex with several buildings, whereas the Indiana Ap
proach seldom requires more than one building. Layout and size
are also substantially different if two or three different main lines
are installed.
THE TECHNOLOGY OF PRODUCTION
Material Handling
Material handling is a much more crucial function in shelter
manufacture than in most other mass production processes, simply
because of the bulk and weight of the materials and final product
involved. Indeed, the material handling functions--shipping of
raw materials, unloading, storage, distribution of materials to
line stations, material handling at the station, and handling and
storage of the finished assem bly--as decisively influence overall
production efficiency as the production technology per se. Effec
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The Metal Shop is of significance primarily in plants operating
according to the Michigan Approach, processing basic metal prod
ucts into components to be fed to other sub-assembly stations.
The conversion of aluminum coiled stock into panels for siding
and trimming employs a decoiling reel continuously feeding baked
enamel finished or PVC-coated light-gauge plain aluminum sheet
to a roll-form er, forming it into a structurally effective design,
and then to automatic equipment cutting, stacking and palletizing
the panels. Coiled steel stock may be converted into panels for
ductwork. “ Indiana’ ’-oriented manufacturers, however, normally
purchase formed and finished siding panels, trims, and ductwork.
The Cutting M ill is an off-line operation again typical only
for the Michigan Approach. Structural and non-structural mem
bers and other dimensioned pieces are automatically cut in the
mill and fed to the floor, cabinet, wall and roof sub-assembly
stations, and also to some on-line stations. Operations conform
ing to the Indiana Approach buy most or all of their lumber pre
cut.
The Welding Shop is a further operation found in “ Michigan” type plants. Here, massive steel chassis are fabricated in frame
jigs. Before (or after) the chassis pass through the paint shop,
the running gears are assembled, often with the chassis in an
upside-down position. The assembly of the undercarriage may
require only a total of 4 to 6 man-hours in direct labor. Under
the Indiana Approach the finished chassis, with or without running
gear assembly, is usually purchased.
The Ductwork, Plumbing and Electrical Sub-Assembly Sta
tions , again typical only for the “ Michigan’ ’-type operations,
manufacture ducts, plumbing trees and other sub-assemblies in
jigs from pre-cut parts. Electrical sub-assemblies and wiring
harnesses are pre-cut, stripped and assembled. In-floor subassemblies are fed to the floor sub-assembly stations; in-partition
sub-assemblies are fed to the cabinet shop. Indiana Approach
operations tend rather to purchase prefabricated sub-assemblies.
The Floor Sub-Assembly Stations manufacture the typically
12* x 60* floor sections in one piece. The frame structure and
the insulation board are assembled into a single unit on a horizon
tal flooring jig. Aided by overhead monorail and crane, the floor
section is then easily flipped over onto a second jig, where the
in-floor mechanical equipment—heating and air-conditioning ducts,
plumbing, including water supply and drain assemblies, and
electrical wiring sub-assemblies—are installed between the joists.
Finally, the plywood subflooring is installed, often by glue appli
cation and pneumatic screw or nailing machines. The finished
floor section is then fed to the main line. This entire operation
may not consume more than a total of 5 to 7 man-hours in direct
labor.
The Cabinet Shop manufactures kitchen and bathroom cabi
netry, built-in furniture and interior partitions. Often, partitions
and cabinets are pre-assembled into larger complex sub-assemblies
to reduce on-line operational time.
The Wall Sub-Assembly Stations fabricate the often 60-ormore-foot long exterior walls in one piece, on either vertical,
A-frame or horizontal framing jigs. Fiberglass insulation is
installed between the studs. To assemble one full-length wall
may not require more than a total of 4 to 8 man-hours in direct
labor. Automated wall fabricating equipment, though not yet
extensively employed, can produce 800-1000 linear feet of wall
per hour, eight to fourteen feet wide.
The Roof Sub-Assembly Stations may either use purchased
trusses (Indiana Approach) or they may fabricate them (Michigan
Approach), often on automated bow string truss machines. The

entire ceiling/roof sub-assembly, normally 12’ x 6 0 ', is typically
fabricated in one piece, on vertical, slanted or horizontal jigs,
using automatic staplers. The completed roof assembly is lifted
up by overhead crane and transferred to the main assembly line.
One such roof-section (not including truss fabrication) can be
assembled with a total direct labor input of 3 to 4 man-hours.
The Window and Door Sub-Assembly Stations and Drapery
and Furnishing Shops, often fabricating these components from
raw or half-finished materials, are of significance primarily in
“ Michigan’ ’-type operations. Under the Indiana Approach all or
most of these components are bought.

Main-Assembly Operations
The main assembly line starts with the chassis, complete
with the running gear. The towing end is mounted on a temporary
wheel, set onto a floor monorail, with the chassis hitched to the
one ahead, which in turn is hitched to the one ahead of it. All
units being thus pulled together, the individual unit advances
through the various stations on its own wheels, with a job data
card on the chassis hitch telling plant personnel the specifications
of this particular unit. On side-by-side production lines, where
the units are pulled in side saddle fashion, the chassis, without
axles and wheels, is placed on dollies which are pulled along
tracks in the floor. This keeps the floor of the units lower, mak
ing it easier for workmen to get in and out. Finished units are
pulled over a pit where the running gear is installed.
From the floor sub-assembly area, assisted by monorail and
bridge crane, one or two men can lift the entire finished floor
section and carry it to the chassis waiting on the main line. The
floor section is lowered onto the chassis, which is then lagbolted
to the floor perimeters. Some factories choose not to complete
the floor section in the sub-assembly area: while the floor sec
tion is still in an upside-down position on the jig, the chassis,
upside-down, is lifted onto the floor system by crane, the two are
mated and then, by overhead cranes or tilt jigs, the entire assem
bly is turned over 180°, the mechanical in-floor equipment is put
into place and the sub-floor is installed. Resilient flooring or
carpet goes down onto the plywood deck, applied in a single 12*
or 14* wide sheet from continuous overhead rolls. Thus the
entire 12* x 60' floor section is covered with the finished flooring
before any partitions go into place, an efficient method of elimi
nating the fitting of floor coverings to individual room sizes.
At the next station, interior partitions, storage units, cabi
netry, and plumbing fixtures and other major sub-assemblies are
loaded onto the floor and their installation with pneumatic machines
begins. Thus, the unit is being built from the inside out, in re
verse of the site-built house—there is no need to enclose due to
weather.
Twenty to forty minutes later, the unit moves to the exterior
wall installation station. Overhead monorails lift the completed
walls off the wall sub-assembly station, transfer them to the
main line, and place them into position on the floor perimeter.
In some factories, another advantage of overhead monorails is
exploited. When the walls are approximately in place, vertically
over the floor, the monorail holds the walls in place while being
positioned, plumbed, and secured to the floor section. Then, the
exterior walls are fastened to the interior walls.
As the unit moves to the next station, electricians and plumbers
move through the unit. Rough electrical wiring is begun and elec
trical harnesses are installed. If, as many operations prefer,
insulation has not been placed into the exterior walls during subassembly, insulation is installed at this station.
At the next station, a single man picks off the 12* x 60' com
pleted ceiling/roof sub-assembly from the roof sub-assembly
station by overhead hoist and transports it aloft to the main line,
over the walled shell of the mobile home. The roof section is then
lowered into place, positioned, and secured to the exterior walls.
It is not until the roof is in place that the unit, hitherto looking
unstable, straightens out, and a virtually one-piece structure
results. The unit is engineered as an integrated rigid and torqueproof structure, with no redundancies in its structural components.
Then, a roll of insulation from an overhead storage rack is de
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livered by overhead crane, unrolled over the entire roof area and
secured.
Once the unit leaves the next station, the wiring harnesses
have been installed, and most interior items are on board. The
securing of the partitions and cabinets has been completed, as
have been the water heater and furnace hook-ups. And the roof
has been sheathed with an asphalt-impregnated insulating board.
This station may also serve as a carry-over station for uncom
pleted work from the prior stations.
At the next station, the aluminum siding panels are installed,
with power-driven leakproof screws. Windows are set here.
Exterior doors are hung. Overhead trolley work platforms are
used. The monorail delivers a roll of galvanized heavy gauge
steel sheet or single-ply vinyl roofing onto the roof—the 12-foot
wide one-piece roof sheet. The sheet is unrolled and secured.
The steel may then be coated with aluminized roof coating.
The unit then moves to stations where interior and exterior
operations continue, interior doors are hung and moldings are
applied. All interior trim is completed. Air operated pneumatic
fastening equipment is almost exclusively used. Final mechanical
finishing will commence at this station, including final plumbing
and heating system hookups and final electrical trim .
Appliances are loaded and installed at the appliance bay.
From the original receiving area, refrigerators, ranges, ovens,
washers, dryers and other appliances have moved by fork truck
to the bay and are now fed by roller conveyors to the unit. Thus,
there is no manual handling of appliances. Then, the exterior
metal trim is completed.
At the last stations, furnishings, draperies and pictures are
loaded and installed. The plumbing and gas lines and the elec
trical system are tested. The final clean-up is completed. After
a final quality inspection, every 20 to 40 minutes, a completely
finished and furnished dwelling unit leaves the assembly line
ready for occupancy.

CONCLUSIONS
Two conclusions are apparent. First, the management and
production capabilities of the industry can be used to produce
modules as efficiently for fixed-site housing, even plug-in mod
ules for medium- and high-rise mega-structures, since the in
dustry has a long history of using aluminum and steel-frame
construction. As discussed in the above-mentioned paper (1),
of course, this first requires removal of a large number of
economic, legal and political constraints, but it is well to re
member that the nature of its present product is accidental—
dictated to the industry by public regulation and other external
factors.
The second conclusion is that, technologically, it is easy to
produce mobile homes, or any other industrialized shelter, but
that it requires highly sophisticated management to do it efficiently
and profitably. Traditional on-site builders or building manufac
turers can achieve the same efficiency, but they must to a much
greater extent and more consistently apply basic industrial man
agement principles, without need, however, to necessarily shift
operations from site to factory. The quality of the organization
and management of the entire process is a more important pre
requisite for successful industrialization than the technological
quality and the (off- or on-site) location of the production function.
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FLOOR CONSTRUCTION

ROOF CONSTRUCTION
1. One piece galvanized roof stretched over sides,
caulked and screwed to insure overlay con
struction.
2. l/a" insulation fiber-board installed over truss
type roof rafters gives backing to roof, insul
ates, and deadens sound. Roof is also vented
for circulation.
3. Heavy fiberglass blanket type insulation covers
entire roof.
4. Blanket polyethylene plastic between */2." ceiling
panels, rafters — excellent vapor barrier.

9. Asphalt fiber-board is installed under entire
home with heavy-duty fiberglass blanket insula
tion for complete weather-proofing.
10. 6" Floor kiln dried joists are installed longi
tudinally to insure strong construction. s/g" by 4"
upper cross members on 16” centers are glued
and screwed to joist.
11. Polished aluminum four-sided heat ducts are
placed between the floor joists and deliver uni
form heat throughout the mobile home.
12.
Hooring panels are glued and screwed to
the cross members then sanded and cleaned for
floor covering.
13. Carpet (100% Nylon) throughout entire coach,
except in bathroom, kitchen, and dining room.

SIDEWALL CONSTRUCTION
5. 2" x 3“ Spruce studs on 16" centers, double
dadoed glued and screwed. Strapped to floor
every 2’.
6. Natural wood interior wall panels — glued to
wall frame with full thickness fiberglass insulation.
7. Aluminum exterior metal with prebaked-on
enamel finish.
8. Extra large weather-tight, frost-free, 12' awning
type windows used throughout the home.

Fig.

FRAME CONSTRUCTION
14. 10” I-Beam with built-in camber to insure level
floors and separated by cross members on 4"
centers.
15. Heavy-duty axles, leaf springs, wheels, and tires
complete the running gear.

I. Mobile H om e: Structural Details (Breadline Hom es In c., Elkhart, In d .)
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Fig.

2. Sub-Assembly Station: Chassis (Twin Lakes Manufacturing Co., Tampa. Fla.)

Fig.

6. Wall Sub-Assembly Station (Richardson Homes Corp., Elkhart, !nd.)

Fig.

3. Sub-Assembly Station: Running Gears (Twin Lakes Manufacturing Co., Tampa.
Fla.)

Fig.

7. Ceiling/Roof Sub-Assembly Station (Richardson Homes Corp., Elkhart, Ind.)

Fig.

4. Floor Sub-Assembly Station (Twin Lakes Manufacturing Co., Tampa, Fla.)

Fig.

8. Sub-Assembly Area: Appliance Bay (Richardson Homes Corp., Elkhart, Ind.)

Fig. S. Sub-Assembly Station: Cabinet Shop (Richardson Homes Corp.. Elkhart. Ind.)

Fig.
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Main Assembly Line (End-by-End Type): Chassis on First Statio
Homes Corp.. Elkhart. Ind.)

Fig. 10. Main Assembly Line (End-by-End Type): Floor Section Installation (Richardson
Homes Corp., Elkhart, Ind.)

Fig. 14. Main Assembly Line (End-by-End Type): Siding Installation (Richardson
Homes Corp., Elkhart, Ind.)

Fig. 11. Main Assembly Line (End-by-End Type): Plumbing Fixture and Cabinetry
Installation (Richardson Homes Corp., Elkhart, Ind.)

Fig. IS. Main Assembly Line (End-by-End Type): Window/Door Installation (Richardson
Homes Corp., Elkhart, Ind.)

Fig. 12. Main Assembly Line (End-by-End Type): Wall Section Installation (Richardson
Homes Corp., Elkhart, Ind.)

Fig. 16. Main Assembly Line (End-by-End Type): Appliance Feeding (Richardson Homes
Corp., Elkhart, Ind.)

Fig. 13. Main Assembly Line (End-by-End Type): R oof Section Installation (Richardson
Homes Corp., Elkhart, Ind. I

Fig. 17. Main Assembly Line (Side-by-Side Type): Production Sequences (Richardson
Home Corp.. Elkhart, Ind.)
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Fig. 18. Main Assembly Line (Side-by-Side Type): Production Sequence (Richardson
Homes Corp., Elkhart, Ind.)
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AN HISTORIC SURVEY OF AMERICAN BUILDING CONSTRUCTION SYSTEMS
by
Leonard G. Haeger, A IA *

Since wood was at once the most abundant and easily worked
material in the new country, it was destined to become America’s
principal building material to be used in a linear wood construction
system.
The English framed system, as built in New England, con
sisted of large vertical timber framing members, spaced about
12 feet apart, running from bottom plate to top plate. At the inter
mediate floor levels, large horizontal timbers were joined to the
verticals with mortise and tenon joints. Few nails were used; the
joints were secured with wood dowels. The vertical framing mem
bers ranged in size from about 5 inches X 5 inches to as large as
12" X 14" . All members were either hand adzed or hand sawn to
shape. Sometimes the vertical members were shaped to provide
the well known second story overhang. The roof was framed by
placing the principal rafters over the main verticals, with a few
widely spaced smaller members in between. Horizontal purlins
held the whole roof frame together. The resulting building frame
consisted of heavy structural members with smaller structural
members in between. The roof frame was covered with boards
to receive roofing slates. More often, closely spaced wood pur
lins became the base for wood shingles, often fastened with wood
pegs. Nails, spikes and bolts were used sparingly since aU of
these metal fasteners had to be made by hand in a blacksmith shop.
This linear system resulted in buildings such as the first build
ing at Harvard in 1638. In its waU frame, intermediate framing
members were used between the main verticals, and the whole was
covered over with wood sheathing and horizontal siding. Floors
were built with small wood beams about 24" o .c . and covered over
with wide floor boards.
Meanwhile, in Virginia and in Pennsylvania, another system
of construction was being developed. It used masonry bearing
walls, of either brick or stone, with wood framed floors and roofs.
The masonry walls were a minimum of 12" in thickness; often
they were as much as 30" . Stone was quarried locally; the brick
was made adjacent to the building site. Excellent examples of
this system are to be found in Williamsburg, Virginia.
Important examples of the masonry wall bearing, wood floor
and wood roof framing system are the Capitol and the Governor’s
Palace, both built in the period of 1705-1720. A distinguished
example of the wood English frame is found in the St. George
Tucker house, also in Williamsburg.
An unique building system of the early French settlers must
be noted. The French were colonizing from two directions: from
Quebec across the Great Lakes and down the Mississippi; and
from New Orleans up the Mississippi to St. Louis. Along these
French routes we find a system of construction called the “ palisado. ’ ’ Logs cut about 9" square were placed vertically in a trench
cut in the ground. The Courthouse in Cahokia, Illinois, originally
built in 1750, is an example of this system. The tops of the logs
were joined together with a horizontal wood ribbon; the spaces
between the logs were filled with chips and mortar; the interior
was covered over with wood lath and plaster.
All of us are familar with the history of the Spanish coloniza
tion of California and the Southwest. The Spanish used a thick
adobe masonry wall system in their buildings - sometimes plas
tered, often left unplastered. These adobe structures, whether
home, mission or public building, had a simple wood roof system,
often framed in round, untrimmed logs. Our California mission
churches are good examples. A more complex structure is the
Church of San Xavier del Bac in Tucson, Arizona.
The cabin of horizontal logs was the classic building system
of the frontier. The system was introduced into Deleware by the
Swedes. It was not used by the English, Dutch and French settlers
simply because they were unaware of its existence. This system
provided a speedy method of construction for temporary buildings
in the period when logs from the forest were abundant. However,

George Santayana once wrote, “ Those who cannot remember
the past are condemned to repeat it. ’ ’ In this day when many new
systems are being proposed, an historical review of the past
should made it possible to learn much from the past and thus avoid
duplicating some of the most glaring mistakes.
Definitions are necessary for clarity. First, a building con
struction system is a formal scheme or process which governs
the organization and arrangement of objects and materials into a
regular and definite program of planning, designing, ordering and
building. Prefabrication is simply the assembly, either at the
building site or in a factory, of smaller parts into a larger com
ponent.
Industrialization implies the use of a variety of labor saving
tools and techniques into a planned process; a continuing market
making high production of a repetitive character possible; and a
continuing research and development effort. Little capital is re
quired for simple prefabrication; large sums are needed for in
dustrialization.
A simple, satisfactory categorization of building systems is
in terms of their dimensional characteristics. Thus, the one
dimensional, or Type I, system is linear and makes use of col
umns, posts, beams, studs, joists, and boards. This is the con
ventional, traditional on-site building system. The two dimen
sional, or Type n, system is the familiar panelized system.
Panels may be used to make walls, floors, roofs, and celings.
The panels may be wood, steel, aluminum or precast concrete.
More sophisticated engineering may result in stressed skin panels
using a variety of core materials. The three dimensional, or Type
HI, systems are the volumetric, and may be of wood, metal, con
crete, or a combination of these. In housing systems, the three
dimensional system is called modular housing. The four dimen
sional system is a category of recent invention. It has been called
“ land in the sky. ’ ’ It consists of adding significant amounts of
outdoor space to a multi-storey structure through the use of pedes
trian walks, malls and outdoor gardens. Thus, a multi-storey
structure on a fairly modest site could be planned to have five or
more times the outdoor space as did the original site.
The early settlers in this country, wherever they came from Britain, Spain, Holland or France - brought with them a rich
tradition in building - a tradition based upon the handicraft building
systems of 17th and 18th century Western Europe. They were
systems based upon craft skills and local, traditional building ma
terials. As early as 1573, Philip n of Spain directed his prospec
tive founders of new towns to select “ . .a n elevated place where
are to be found health, strength, fertility, an abundance of land
for farming and pasturage, fuel and wood for building . . . "
Thus, under the dual requirements of materials and craft (for
there were many skilled craftsmen among the early settlers) it
could be expected that the first permanent structures would be
extensions of contemporary European systems.
Our survey begins with the Pilgrims in New England in 1620.
The first winter, they built crude, tentlike structures, using bent
pole frames, lashed together and covered with skins and bark. It
is not surprising that only half survived that first winter. But the
Puritan movement was to gain great momentum, and by 1634 some
ten thousand had settled in New England. They built and lived in
simple, wood framed, one room thatched cottages. The exterior
walls consisted of wide, horizontal boards fastened to the wood
frame with wood pegs. Unlike the story in our highschool history
books, they did not build log cabins - simply because they were
not familiar with this building system.

*School of Architecture and Environmental Design, California
State Polytechnic College, San Luis Obispo, California.
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in the towns and villages, with their ample supply of carpenters
and other skilled craftsmen, it was soon easier to build a wood
frame house or one in masonry.
These were our early American systems. We entered the
19th century with two principal building systems: the wood framed
and the masonry. Both are linear systems.
An important date in the history of building was 1833 - the
date of the invention of the balloon frame, one of A m erica’s great
contributions to innovation. This is the now familiar 2" X4" stud
system consisting of many thin verticals placed 16" o .c . and held
together by a thin ribbon at top and a plate at the bottom. The
entire system is dependent upon nails and nailing for its integrity.
The essentials of the system and how it was put together are
both simple. Two related events made the system possible: first,
the development of steam powered sawmill machinery; second,
the development of machinery which made the mass production of
nails possible. George Washington Snow is credited with the first
balloon framed structure— St. Mary’s Church in Chicago in 1833.
In furniture, you will recognize that the Windsor chair paral
lels the balloon frame in its use of thin structural members to
produce a light, strong construction.
Later, in those places where stone was used as a building
material, stone walls were to be treated with great simplicity.
An example is the granite wall in the Union Wharf Warehouse,
Boston, 1846. A ll of the posts and lintels were precut to size at
the quarry.
Today’s skeleton construction system had its beginnings as
early as 1848 when James Bogardus began substituting cast iron
columns for the exterior masonry bearing walls. Bogardus’ ad
vertisement for his system humorously showed the great resistance
of cast iron construction. Whole sections of the walls purportedly
could be removed without collapse of the structure. One of his
best known buildings in cast iron was executed for the publishing
firm of Harper & Brothers, New York, in 1854.
Another splendid example of the cast iron construction sys
tem is to be found in a five storey office building built in St. Louis
in 1877. Large glass areas gave it an almost contemporary archi
tectural character.
However, the masonry wall bearing system did not die easily.
H.H. Richardson continued the tradition of the massive wall-bearing
stone structure in the Marshall Field store, Chicago, 1885.
A transition into lighter brick masonry bearing walls is to be
seen in the Leiter Building, Chicago, 1879. Massive brick pillars
appear in the exterior walls; cast iron columns in the interior
bays.
Mass production of steel by the Bessemer process began in
1855, and by the 1880s we see rolled steel sections being used to
make steel framed buildings. The steel skeleton of Jenny’s Fair
Building, Chicago, 1891, is an excellent example of the period.
Meanwhile, wood prefabrication of two dimensional panelized
systems was thriving. In 1848-49, five thousand panelized wood
houses were shipped out of New York, around Cape Horn to San
Francisco, to help solve the housing shortage created by the Gold
Rush. A page out of the 1864 catalog of Skillings and Flint, pre
fabricators of Boston, shows a house using a four foot wide wall
panel made with wood stiles and rails and a wood infill. This
firm had a complete two dimensional system more than a hundred
years ago.
The latter half of the 19th century is better known fo r great
advances in the manufacturing processes for building materials
than in the development of systems. Steel, cement, lumber,
brick, and glass are examples of materials which became the end
products of newly mechanized processes. The general business
expansion which followed the Depression of 1870 provided a ready
market for building materials, and almost all efforts were spent
on improving existing products and existing systems.
One exception to this broad generalization was in the develop
ment of reinforced concrete system s. These systems were to
progress from huge, simple structures such as the flat slab ware
houses in Chicago in the early 1900s to the beginnings of highly
sophisticated structures. But concrete systems were to pause,
as did almost everything else in its development during the Great
Depression of 1929-33.
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By 1936, the weU known industrialist, Albert F. Bemis, was
talking and writing about industrialization of housing and the
“ rational house. ” There was a great rash of ideas for new sys
tems, all calculated, in the minds of the proponents, to reduce
on-site labor, time, and building costs; result in better structures;
and carry forward the philosophy of industrialization. Bemis’
book recorded the systems available in 1936. Let’s note some of
them.
The Aluminaire system was a one dimensional column and
beam system with ribbed panels in aluminum making walls and
roof.
The Armco system was a two dimensional system in steel.
Walls and floors were made of interlocking channels and “ Z ” s.
The elements of this system still exist in Arm co’s industrial
metal buildings.
An early modular or volumetric system was Buell. Each
module was 10' 0" X 19* 0", built in a factory and transported to
the site. The module had a steel frame covered with wall panels
of steel. Three modules made a house.
In the late twenties, Buckminster Fuller proposed what he
called a “ Dymaxion House. ” It was to have a central mast; steel
guys hanging from the top supported a tubular floor beam system.
Additional guy wires were tied back to the ground. The walls were
to be double skins of plastic with a vacuum between. The house
was never built; but second and third generation models were built
in Kansas City and Wichita.
Thomas A. Edison had a system for producing low cost houses
in concrete. The special features of the system related to the use
of cast iron forms and the method of pouring. First, the foundation
and floor slab were poured. Next, the forms were assembled on
the slab, opposite form s being spaced and held together by bolts.
The forms included finished doors and window fram es, electrical
conduits, plumbing and all the necessary grounds for the finishing
operations. The top of the form structure included a centrally
located funnel into which the concrete was poured and then dis
tributed in the form . The obvious shortcoming of the system was
the high cost of the form s.
The original stressed skin plywood panel system was devel
oped by the U.S. Forest Products Laboratory in 1935. The
“ stressed skin’ ’ principle was developed shortly after World War
I when the practice of covering the framework of an airplane with
a non-structural fabric was replaced by the design of a skin inte
gral with the framework. This meant that the skin aided in re 
sisting design stresses. The wood system employs panels 4* wide.
Many versions of the system are in use today.
A Type I system in steel developed in the early 1930s is StranSteel. It substitutes light-gage rolled steel studs, joists, and
rafters for the usual wood counterparts. Normal finishing materi
als can be fastened with nails since the novelty of the system is a
self-keying slot in the structural members. This system is in use
today.
Frank Lloyd Wright developed a Type H precast concrete wall
panel system in 1923. Reinforcing was grouted into the vertical
and horizontal joints. The system resulted in a cavity masonry
wall.
Very few of these systems are in use today. World War n
stopped all development work except that related to the military
effort.
The most famous building construction system to come out of
World War n was the Quonset Hut. While ugly, it achieved its
objective of covering the greatest area with the least amount of
material. It used the Stran-Steel light gage steel section. Many
post-war Quonsets were remodelled into dwellings.
The Federal Government played an important role in stimu
lating new materials’ and systems’ development in the Veterans’
Housing Program following World War n . The incentive for tech
nical development was to be a contract in which the Government
guaranteed a market for the new system . With this excellent in
centive, proponents and ideas were numerous and varied, and
their plans to execute the ideas ranged from good to bad.
The General Panel House was designed by Walter Gropius and
Konrad Wachsman, of Bauhaus fame. It had a stressed skin uni
versal panel to be used for walls, floors, roofs, and partitions.

This Type n system had a unique jointing system which worked in
all three directions. No nails were used in assembling the house;
the panels were held together with a kind of bedpost connector. A
few houses were built. The company failed in spite of advanced
technology and a market guarantee.
Lustron was the most famous building construction system of
the early 1950s. It used steel studs, and steel roof trusses,
covered over, both inside and out, with porcelain enamelled steel
panels and roof shingles. In spite of a $40 million loan from the
Federal Government and a modern production line, only a few
thousand houses were built before the company failed because of
the lack of a comprehensive marketing plan.
Illustrative of innovation in fairly conventional systems was
Mies van der Rohe’s Lake Shore Drive Apartments. Here the
structural steel framing system is exposed and the infill is both
transparent and opaque glass.
Another contemporary system in steel uses a steel frame
covered with interlocking, precast concrete panels which are
bolted to each other and to the steel frame. Still another exposes
the structural steel which is made a part of the design; even cross
bracing in tension is exposed for its design value.
Today, even the age-old brick masonry and heavy timber sys
tems are being used in new and interesting ways; but such features
as the old Flemish Bond, the heavy wood columns and roof trusses
are used with vigor and candor.
A contemporary concrete system is the lift slab. In this, the
roof and floor slabs are poured over the concrete foundation; the
steel columns placed; and the slabs raised into place with hydrau
lic jacks, then welded to the columns.
The tilt-up system is widely used, usually with concrete slabs,
but often with pointed arches for the framework of a church or a
ribbed structure. The concrete components are poured on the
site, cured, and then tilted into place.
Beginning in about 1960, important efforts were begun to de
velop the volumetric or Type HI system. This is the idea of building
a box, either in a plant or adjacent to the site, finishing it, and
then lifting it into place. The first efforts were with wood framed
boxes, stacked and placed alongside each other to make townhouses
(or row houses).
A more sophisticated version of this type was 200 dwelling
units built as “ fourplexes” in Amherst, Massachusetts. The
modules, 12 feet by 60 feet, were built in a plant near Richmond,
Virginia and trucked nearly 450 miles to the building site.
The volumetric system is not limited to housing, but may be
used to make banks, office buildings, and schools - often in struc
tures as large as 60 feet by 100 feet.
The Hilton Hotel built in San Antonio in 1967-68 used stacked
concrete boxes. Each box, about 14 feet by 30 feet, was cast and
completely finished in a plant about seven miles from the building
site. The hotel is 21 stories high and contains 496 rooms. In
stallation of boxes was at a rate of 22 per day; overall construction
time was about 30 days.
The Uniment System, another stacked concrete modular sys
tem, is notable for its elimination of redundant materials, thus
allowing ceilings to serve as floors when the modules are stacked.
Building Block Modules, Oakland, California, is developing
the Israeli Diskin System in this country. The system uses a
steel form to cast a reinforced concrete shell with two open ends.
The module is poured in a vertical position; then, after curing,
rotated 90 degrees so that the sides become walls, the floor, and
the celing. An unique feature of the system is that in stacking the
modules in checkerboard fashion, additional rooms are created
in the formed open spaces, thus eliminating the redundancy which
occurs when two walls are butted together.
An interesting idea is to use the modules as formwork for a
concrete structure. First, the finished modules are placed on a
slab foundation with separations of a few inches; next, these
spaces are filled with concrete and a slab poured over the top.
This process is repeated, placing a second layer of modules, then
pouring the walls and floor for the next layer.
A new idea for the manufacture of modules using fiberglass
filaments and plastics was developed at the University of Michigan.
Fiberglass filaments are wound on a large, room-sized mandrel
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to create the inner surface; this is impregnated with resin; foam
core panels are added; the filament winding process repeated;
resin applied; and the whole assembly cured. Finally, the mandrel
is collapsed and withdrawn, thus forming a structural module.
This brings us to 1972, in which the great force for innovation
in building construction systems is HUD’s “ Operation Breakthrough. ”
According to Secretary Romney, “ Operation Breakthrough is not
a program designed to see just how cheaply we can build a house,
but a way to break through to total new systems of housing produc
tion, financing, marketing, and land use. Operation Breakthrough
supports the development of new and innovative housing building
systems. ” These were noble words, but performance has not yet
matched these objectives. After a kind of national competition
involving 550 proposals, 21 were finally chosen for prototype con
struction at nine sites. The program is nearly two years behind
schedule. Of the systems picked, one is Type I (linear); one is
Type IV (land in the sky). Of the remainder, half are Type H
(using panels); half are Type in (volumetric modules). One fourth
of the systems use wood; three fourths use concrete, metal and
plastic. According to HUD, whatever the material used, advanced
methods of industrialized production will be used to achieve sus
tained high levels of production. Obviously, this has yet to be
accomplished.
Many large industrial complexes, such as G .E ., Alcoa,
Westinghouse, Republic Steel, Hercules, are represented. How
ever, these products of Operation Breakthrough are, in fact,
commonplace and far from imaginative or exciting. Unhappily,
these are the end products of technologists unfamiliar with the
past history of housing construction systems. The same problems
and mistaken solutions we have lived with should be apparent to
any student of housing. Operation Breakthrough must be either a
great accomplishment of the current administration, or it must
be recorded as a project full of sound and fury, signifying little.
The success or failure of the systems we have reviewed were
due, primarily, to the economic, social and political conditions
of the moment. Technology played only a secondary role.
In the area of economics, there are three possible conditions
under which a new system might succeed. These are; 1.) The
new system must do the same job as the system it is designed to
replace at a lower cost. 2.) The new system must do a better
job than the system it is designed to replace at no greater cost.
3.) Finally, the new system must have easily demonstrable new
and better qualities than the system it is designed to replace if it
is to command a higher price.
In the political arena, we are concerned with the two subjects
most often talked about by popular writers: labor practices and
building regulations. The labor unions are losing more carpenters,
masons, painters, and plumbers through old age retirement than
the number of new men being gained through a thoroughly obsolete
apprentice system. Thus, we can look forward to a shortage of
craftsmen and a coming period in which the most skilled will be
working year around in industrialized housing plants. Building
codes, which are necessary to safeguard the health, safety, and
public welfare, have long been a favorite whipping boy for the con
struction industry. It has been popular to blame most of the short
comings of the new industry on building codes. By and large, codes
have been modernized and standardized; and, more importantly,
their administration is falling into the hands of trained professionals.
I foresee few problems with labor or building codes.
Probably the greatest problem facing the innovator in building
systems is one not commonly recognized. It is the social one.
Our long background and schoolboy history has taught that handbuilt, craft-fabricated building is better than construction that has
been “ prefabricated. ” The notion still persists that factory-built
houses are “ chicken coops” - i.e . shabbily built. Yet, curiously,
we accept production-line automobiles; we clothe both men and
women in machine-made garments; and our doctors prescribe
modern pharmaceuticals made in spotless factories rather than
the concoctions of the neighborhood alchemist.
It is in the area of social acceptance that new industrialized
building construction systems face their greatest challenge. If
they add to the individual’s and to the community’s wellbeing, they
will succeed.
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RESEARCH IN BUILDING PANEL ASSEMBLIES FOR LOWER COST HOUSING
by
Paul P. Fazio*

INTRODUCTION
The building-space requirement projected for the balance of
the century has stimulated, in the last few years, great interest
in the industrialization of building systems. The author has be
come involved with a number of research projects related to
panelized building, with the hope of contributing to the develop
ment of more economical building systems.
A panelized building system is a panel assembly in which
factory-built wall and floor panels resist and distribute all loads,
provide the three-dimensional rigidity of the building, and elimi
nate the use of a structural skeleton.
Panelization can lead to standardization and industrialization
of building components, to the reduction of on-site labor require
ments and contingencies due to vagaries of weather, to better
building design and performance, and to more productivity.
The successful performance of such assemblies depends
mainly on the behaviour of the basic elements (panels) and the
connection systems between these panels. There is a requirement
to determine the performance of such buildings under expected
environmental conditions, understand the stress flow in the ele
ments and connections, and develop more economical panels and
connection systems.
This paper outlines studies made or being made on: (i) a
half-scale panelized building model made up of aluminum sand
wich panels, (ii) connections in panelized building systems,
(iii) five folded plate sub-assemblies, and (iv) other building
systems.
Fig. I . Model o f Half-Scale Four-Storey Panelized Building

PANELIZED BUILDING MODEL
System
The panelized building model (Figure 1) is 12 ft 6 in wide,
18 ft 8 in long and four storeys high (16 ft 11 in). The floor plan
of the model is made up of six room units, each measuring 6 ft
2 in by 6 ft 2 in. The walls of the units are each made up of two
2 ft by 4 ft sandwich panels with a space gap of 2 ft by 4 ft between
them. These spaces represent windows, balconies or door open
ings in the prototype. The assembly and testing procedure for
the model is divided into 25 stages. At each new stage a cubicle
(6 ft x 6 ft x 4 ft) is added and the new assembly is tested. The
procedure of multistage testing provides information which should
reflect the behaviour of many prototype structures whose geom
etries correspond to those of sub-assemblies of the model.
Panels

PANEL SIZES

Three types of sandwich panels are used in the model (Fig
ure 2). The panels are made up of aluminum facings 0.25-in
in thickness and 2-in thick styrofoam core having a density of
approximately 2 psf. The four edges of all panels are reinforced
with two-by-two wood members to avoid possible crushing and
delamination at the panel boundaries and to effectively transmit
forces from panel to panel.
The panels are fabricated as follows. Two-by-two sections
of clear white pine lumber are air-dried, straightened on a jointer,
planed to required thickness, cut to length, and assembled into
rectangular frames. Styrofoam is planed to exact thickness and
cut to size to fit into the assembled wooden frame. The aluminum
facings are cut to required sizes, primed with Bostick #1007 ad
hesive and allowed to air-dry for a minimum of twelve hours. An

TYPICAL PANEL FRAME

♦Associate Professor, Department of Civil Engineering, Sir
George Williams University, Montreal, Quebec, Canada.

Fig. 2. Sandwich Panels Used in the Model
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epoxy adhesive is then trowelled on the facings. This adhesive
formula is composed of Union Carbide Erley 2227 epoxy, a filler
consisting of aluminum silicate carbide, and a recommended
quantity of ZZL-0275 Union Carbide hardener. The facings and
core assemblies are mated, and stacked together into clamp
presses, subjected to a pressure of about 15 psi and left to cure
overnight. Approximately 82 floor panels, 136 wall panels and
122 lintels are required to erect the model.
Loading Systems
Each of the 25 sub-assemblies may be subjected to horizontal
and vertical loads.
Horizontal Loads
Concentrated Load; Lateral concentrated loads are applied
with hydraulic rams connected on line with a stud load cell which
monitors the applied loads. After the first 13 stages have been
completed the sub-assembly will be subjected to the uniform hori
zontal wind load simulated by an air pressure bag.
A ir Pressure Bag: This bag, (approximately 5 ft x 20 ft x 20
ft in size), is located between the model and the wall of the struc
tures laboratory. It is made up of .006 in thick Tuftex plastic
sheets Type No. 1010 (a woven synthetic fibre) sewn together and
sealed with polytape at the seams to avoid air leaks.
Vertical Load
Gravity load acting on the floor units of the model will be
simulated by using water for weight. Plastic sheets .006 in thick
are extended on the floor and up the walls of each cubicle w ith in
the model to form leakproof basins (6 ft x 6 ft x 2 ft). A piping
system has been installed to provide and drain water for each
basin independently. Cold and hot water from two different supply
lines is proportionately combined to obtain room temperature and
avoid thermal stresses.
Acquisition of Data
The data to be acquired consists of strain measurements on
the facings of the panels and on the extrusions connecting the
panels and of displacement measurements on the building. The
strains will be measured with electrical resistance strain gages.
Displacements are measured with dial indicators and with elec
trical displacement transducers which have been developed for
this purpose.

CONNECTIONS IN PANEUZED BUILDING SYSTEMS
Connections in a panelized building may be required to carry
(i) bending moments, (ii) transverse and longitudinal shears, and
(iii) direct tension or compression. In the design of these con
nections, special consideration must be given to (a) aesthetics,
(b) resistance to water, weather and vapour penetration, (c) ac
curacy of fit, (d) insulating and thermal properties, (e) fire
resistance, (f) method of production, (g) economics, and
(h) erection sequence of the panels.
Connections may vary from discrete pinned joints to contin
uous moment connections. The former type would transmit tension
and possibly compression and shear forces, but no moment; the
latter would transmit all of these. The discrete pinned connection
would introduce at the panel edges higher stress concentrations
and greater degrees of flexibility. The continuous moment con
nections may be more expensive and time consuming in erection.
The optimum connection for a particular application would repre
sent a compromise between the requirements listed in the above
paragraph.
To achieve aesthetic acceptability the connection may have to
be integrated in the edge frame of the panels so that it remains
concealed when panels are coupled. If the connection can be ex
posed, then tension, compression and moments can be transmitted
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from the facings of one panel to those of the adjacent panel by
connecting these facings with coverplates or mechanical devices;
shear forces can be transmitted through edge frames by some
type of tongue and groove assembly or by friction if appropriate
forces can be introduced in the connections by the fastening de
vices on the facings.
The principle of post-tensioning connections would also im
prove the properties of joints to resist penetration of water,
weather, vapour, and noise to the same extent as the panels them
selves. Imperviousness can be achieved by assuring accuracy of
fit of connection components and of subassemblies such as win
dows, balcony, doors and related accessories (the required ac
curacy should not be difficult to achieve if components are factory
produced); suitable sealing materials can be used to fill gaps and
prevent penetration. These materials must be waterproof, per
manently elastic, and capable of filling gaps due to temperature
changes. Special consideration must be given to these gaps pro
duced by thermal expansion and contraction of the panels them
selves. These temperature movements are often accompanied
by crackling noises. Weather-tightness should be tested under
severe conditions such as rain combined with gusting wind. If the
joint is not airtight under these conditions, the infiltration of cold
air reduces the inside temperature, causes air movement inside
the building, and facilitates water penetration.
Thermal bridges such as bolts or other metallic parts ex
tending across the thickness of the panel should be avoided. Good
thermal resistance can be achieved in external panelized walls by
using the proper combination of materials for both panels and con
nections. The coefficient of thermal conductivity of insulating
materials used should be sufficiently low to ensure that in extreme
external conditions, the temperature of the inside surface of the
wall remains above the dew point, at which air with a specified
absolute humidity reaches saturation point, and below which con
densation occurs. Condensation o f moisture can also occur within
the connections of exterior walls, if these connections are not
properly sealed at the interior sid e . When the thermal conductivity
of exterior walls is not sufficiently low and the panels have a high
resistance to the penetration of inside vapour, to avoid the appear
ance of damp patches on the inside faces of the walls it may be
necessary to apply moisture-absorptive layers on these surfaces
and to improve ventilation.
The design of the connections must conform with the general
requirements of acoustic insulation. The acoustic insulation
properties of panels depends on the physical properties of the
constituent materials, such as specified weights, resilience,
porosity and on the construction details of the panels. For light
weight panelized walls, acoustic insulation may be added to mini
mize air-borne and solid-borne sounds as required by local building
codes.
Connections must be protected from fire. The fire resistance
rate is an indication of the time period which the connection in the
assembled condition can remain exposed to fire before losing its
capability to perform its predetermined structural functions in
the building. The fire resistance is influenced by the heat generat
ing capacity of the materials in the building when on fir e . The
actual fire resistance of building components such as panels and
connections should be determined by testing them under simulated
physical conditions.
The connection must lend itself to mass production and its
cost should not detract from the advantages of panelized building.
The connection must be simple enough to be easily assembled in
the field with minimum labour time required. In estimating the
cost one must consider the cost of materials, production, assembly
time, and accessories required to complete the connection.
The connection must be designed to meet three-dimensional
assembly requirements. An erection sequence of the panels may
have to be followed to ensure that every panel easily fits into its
predetermined location. Some difficulty may arise with the last
panel in three-dimensional subassemblies. For example, if
tongue and groove connections are used and a cube must be as
sembled the last panel cannot easily be placed unless the tongues
along the edges are removed.
Connections are an important factor, perhaps the most im
portant one, which will determine the success of panelized building.

ROOF PANEL ASSEMBLIES

Panels can be interconnected along their edges to form various
types of lightweight space structures. A number of rectangular
sandwich panels, for example, can be assembled into folded plate
roof structures which can be from 10 to 15 times lighter than con
ventional structures. Studies carried out on five large size models
show the relatively high load-carrying capacity of these assemblies
A Paper-Honeycomb Sandwich Plate Roof
A roof model, 9.5 ft long and about 10.5 ft wide, was assem
bled by interconnecting six factory-produced sandwich panels along
their longitudinal edges with specially fabricated aluminum chan
nels (Figure 3). The panels consisted of 0.025 in thick aluminum
facings bonded to one-inch thick honeycomb paper core. Loads
were uniformly applied along the five interior ridges. Strains and
displacements recorded at midspan compared favorably with re
sults obtained from a theoretical analysis developed (Figure 4)
for this type of structure. The model withstood an ultimate load
of approximately 180 psf before its ends delaminated and failed
under high shear stresses.

Fig. 5. Folded Sandwich Plate R oof Assembly Exposed to Weather After Failure

Additional folded plate structures made out of reinforced con
crete and aluminum were tested. There is a great potential for
these structures, irrespective of the material used, in industrial
ized building. A one-inch thick reinforced concrete model with a
span of 12 ft, for example, carried over 300 psf, when this load
was distributed along the ridges.

OTHER BUILDING SYSTEMS
Plywood Panel System for the North
A study was carried out to examine the problems involved in
housing in the Arctic, where temperature varies from -50°F to
70°F, and to provide a proposal for housing for a community con
cerned with oil development.
In order to minimize the cost of the structure, the building
system approach was developed wherein repetition and organized
industrial production of the building components was utilized.
High transportation costs favor light-weight components. A
sandwich type construction was adopted for the components which
utilizes plywood panel facings and wood studs, and insulation for
the core. Two panel sizes were selected. Floor panels measure
7 ft x 22 ft and wall panels 8 ft x 28 ft. All panels are 7 in thick.

Fig. 3. Diagram o f the 9.5-Ft. Folded Sandwich Plate Model (a) 9.5-Ft Model (b) 19-Ft
Model

(a)

9.5-FT MODEL

Paper House
P ressu res
a p p lie d in
lb s p e r s q . f t .

• T h e o re tica l d e f l e c t i o n s
(b )

A paper house recently tested in our laboratory has shown
great potential for application in low cost housing (see Figure 6).

(u n d e r lin e d )

19-F T MODEL

Fig. 4. Theoretical and Experimental Deflections in Inches at the Midspan Section o f '.he
9.5-Ft and 19-Ft Folded Sandwich Plate Models

A Styrolite Sandwich Plate Model
A second model with the same cross-section as the first mod
el, but having a span of 19 ft and panels with one-inch-thick sty
rolite core, was assembled and instrumented essentially in the
same manner as described above. A pressure chamber was built
above the model to provide uniform load. Strains and displacements
recorded at midspan, while the model was still in the eleastic range,
compared favourably with theoretical results (Figure 4). As the
roof assembly was loaded to failure, the two top middle ridges
buckled in compression at midspan at an ultimate load of 75.4 psf
(Figure 5). After failure, the saddle-shaped model was installed
as the roof to a patio (Figure 5) where it has performed well under
the severe weather conditions of the last five winters.
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Fig. 6. Section of Paper House Subjected to Sanulated Wind Load

Cladded Framed Structures

CONCLUSION

Light gauge steel panels are often used as wall sheathing,
roof decking or floor covering in steel framed buildings. These
panels carry loads normal to their plane by virtue of their bending
strength. Also, they can resist shear deformation in their plane.
Because of this shear resisting capacity, cladding can be very ef
fective in bracing columns and beams of a steel frame against
lateral buckling and, thus increase the load carrying capacity of
these members. The bracing action also serves to stabilize the
overall structural frame. A research project is underway at Sir
George Williams University to develop design methods to deter
mine and utilize this bracing action and thus lead to more econom
ical systems.

A brief outline has been given of the research being carried
out by the author directly related to the development of more eco
nomical building systems.
Panelized building systems using factory-built wall and floor
panels can lead to reduction of on-site labour requirements, con
tingencies due to vagaries of weather, and to more productivity.
Panelized assemblies can resist relatively high loads pro
vided that effective connection systems are employed. The success
of panelized systems will depend mainly on these connections.
Sandwich components can be used effectively in the building
industry provided the local fire code requirements can be met.
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THE SUPPLY OF HOUSING AS THE COMBINATION OF FACTORS OF PRODUCTION
by
Gloria de Sama*

Throughout history, man has considered the house as an ex
tension of his bodily system, as a refuge from the cyclical varia
tions and fluctuations of nature. But as a collective shelter,
housing has also been an expression of individual and community
will in an order that surpasses that of mere survival.
But the universal reality of housing today is far from being
ideal. Very few building types endure such a high level of miscon
ceptions as housing does, in spite of its social relevance and,
finally, no sector of the output of the Building Industry arouses a
controversy higher than that coming from housing.
Housing targets, programmes, and policies are always p ro
visional and always superseded before long; and housing has been
used wrongly, for too long, as a regulator of the nation’s economy.
At present, the production of new housing falls far short of meeting
current needs. Past attempts to solve the problem of housing
have, in most cases, been palliative answers to particular con
ditions, or short term solutions that have created long term prob
lems.
There are many disruptive elements that have contributed to
this situation which have been identified in an isolated context.
The attitude of viewing the problem in a partial way, may be, to
a large extent, responsible for the present condition. Housing is
a part of a complex system, this system being the total organi
zation of a community or nation in its social, economic, political,
and physical aspects. But housing is, by itself, a complex system
which is composed of all those sectors of production whose com 
binations and interactions determine the supply of housing.
Therefore, housing is at once a dependent subsystem but is
also an independent system. Thus the final state of housing will
be dictated, on the one hand, by those constraints coming from
the total system and affecting housing as a subordinate entity of
the whole, and, on the other hand, by those constraints arising
from the internal organization of housing.
It is very difficult to determine and identify the constraints
emerging from one or the other group; perhaps they cannot be
clearly separated as mentioned above since the general level of
the economy dictates, by and large, the supply and demand of
housing and, at the highest level, it influences the state of being of
all sectors of production dealing with housing. However, the
general level of the economy can be taken as the most dynamic
constraint, either in a positive or negative way; there are, in
addition, other constraints much more static in character and
whose change would have to overcome the inertia of an already
established organization. I am referring here to the legal, finan
cial, and institutional sets of regulations which, in their term,
emanate from a political direction and program.
Finally, there are other sets of restraints affecting the output
of the housing sector; I am referring here to those factors in
herited from within the organization of the Housing Industry,
taken in its most comprehensive approach. I want to stress here
time factor as it relates to the three groups of constraints.
Constraints coming from the legal, financial, and institutional
fields are slow and static in terms of overcoming their own inertia,
but once the inertia is overcome, they can be immediately r e 
leased; the constraints coming from the nature of the Building
Industry cannot be released in a short period of time, since they
involve the design, preparation, and implementation of a change
affecting the organization of the Building Industry.
I believe that the organization, content, and ways of function
ing of the Housing Industry is of primary importance for the
adequate and satisfactory implementation of a housing programme.
Therefore, it is evident that there must exist an intimate correla
tion between the housing target in its qualitative and quantitative

aspects and the ability of the Housing Industry to accommodate
this housing demand. No housing programme can be successfully
materialized if it cannot count on a Housing Industry adequate in
its content, organization, and capacity.
A corollary of the above paragraph is that if a nation has a
commitment to the use of industrialized techniques of production,
it must have a prior commitment to reorganize accordingly its
Housing Industry.
Before discussing the different typical ways in which a dwell
ing unit can be produced and the intrinsic characteristics of each
form of production, it is significant to stress at this point that,
almost every industry is idiosyncratic in terms of the combination
of factors of production it requires. I am referring to the tradi
tional factors of production:
manpower: type of labor, skill, quantity, availability, training;
capital: invested in plant and machinery;
productivity: considered in the light of specific issues within
the Industry, such as labor productivity, output per plant,
etc.;
building materials;
finance as a factor of production.
In the case of the Building Industry, and particularly in the
Housing sector, this idiosyncracy is quite rigid. There is a mini
mum possibility for the substitution of one factor of production by
another, except for the radical substitution embodied by the switch
from traditional to industrialized techniques of construction.
Let us briefly analyze how these factors of production are put
to work for each prototypical way of making a dwelling unit, what
is the content for each one of them, and what is the interface or
relation that must exist among the participants of the building
process. (1)
1. On-Off Approach: is based on a unique custom made
design; the participants of the building process (user,
client, professions, contractors, manufacturers, etc.)
enter into action at various stages along the process and
for each stage a determined participant takes upon him
the responsibility of management and coordination; there
is no teamwork among these participants nor is experi
ence gathered in common. For each operation there is a
new combination set up, thus causing an obvious discon
tinuity in the production cycle of the Industry. It utilizes
traditional skills with nil or little mechanization; the work
is organized based on craft teams and not on stages of
production.
2. Component Approach: a factory, on or off the site, pro
duces components designed to perform a specific task;
the final dwelling unit is assembled on the site based on
an array of these and other components. In order to do
this, it is necessary to establish specific unifying devices,
such as compatibility in performance standards, dimen
sional coordination, etc. This approach allows a limited
degree of custom made variations which can be consider
ably increased if more varieties in the components are
brought into the mass-production line. Several partici
pants of the building process work as a team for long
periods, allowing the gathering of a common body of
knowledge and experience; manufacturers and/or erectors
are coordinators for several stages of the building pro
cess; the work is not organized by craft teams but by
operations.
3. Model Approach: a dwelling unit based on one module or
of several modules that can be assembled in the factory
or on the site. No custom-made variations are possible,
and there is a limited client’s choice; the responsibility
of the building process lies primarily on the manufacturer;
the work is mainly organized in stages along the produc
tion line; there is no need of traditional craftsmen.

*M. A rch., M .B .S c., Professor of Architecture, University of
Pennsylvania.
149

4.

Process-Production Approach: factory assembled dwel
ling units that includes a package deal design, production
and erection; there is permanence and stability in the
team of participants and there is not a standard product
but a variety of them.
I would like to clarify that these four methods of dwelling unit
production are prototypical, therefore, there are many variations
such as the Rationalized-Traditional, which falls between any two
of the prototypes of production models mentioned above. It is
evident from the above description that each one of these methods
of production requires a special organization of the Housing
Industry, a specific interface of the participants of the building
process, and a special content of each factor of production, as it
has been exemplified by the type of labor required, and by how
the work has been organized. It is also evident that the four
models of production differ as well in relation with the quantitative
output that each one of them is capable of yielding.
Therefore, if we make the commitment to produce a certain
number of dwelling units per year (and I would like to emphasize
that a housing program cannot be based on numerical targets only,
neither can the numerical output of units be the yardstick to mea
sure the satisfaction of housing needs); it is necessary that we
evaluate from all forms of production the one or the ones that,
because of their intrinsic capacities, will be able to reach that
housing target. The next step focuses on the organization of
‘profile’ that the Building Industry must have in order to correlate
harmoniously with that new way of making the product. This step
implies the analysis of present conditions and the feasibility and
operational implementation of the needed changes in the composi
tion of the Building Industry.
If we take as a case study the housing situation in the United
States, we see that industrialization has been pointed out as one of
the methods of satisfying the need for increased housing output
and as a possible answer to a serious labor shortage. (2)
If the nation makes a commitment for such a way of producing
dwelling units, it must first release the constraints that impinge
upon this method of production. Therefore, it must set free
policies such as those affecting the easiness of the money market,
taxes, building codes, zoning, and practices when possible within
a national market, and cost of land. Furthermore, the nation
must make a commitment to reorganize the Building Industry in
accordance with the selected production program, knowing that
the constraints affecting the Building Industry take more time to
be set free.
If the above mentioned steps are not taken (and let me clarify
that I believe some of these steps must emanate from the govern
ment at various levels and some from the Building Industry) it will
not be surprising that the new way of making the product will not
yield the expected results. In the case of industrialized techniques
of production, the renderings expected are, among others, the
following:

the way they interact, and their intrinsic nature in an unchanged
state of content and relationship.
It may be argued if industrialization will provide the housing
that we need, at an increased speed of construction and at such
lower costs that it will be within the purchase power of the lower
income groups of society. The final price of a dwelling unit de
pends, to a large extent, on other costs than construction costs
and professional fees. It depends on the money cost (interest over
a mortgage), taxation, cost of land, time lag between the starting
and the ending point of the building process and, of course, on
construction costs which have increased in the last years due
mainly to the rise of labor wages.
How much will industrialization cut down the cost of con
struction of a unit? There are many estimates circulating in the
market, ranging in the average of 20% to 25% less than traditional
construction. But I believe that this reduction can be increased
if, as I have said before, there is a prior organized and total
action oriented towards the release of the major constraints im
pinging upon the efficient application of this new way of production.
Only then, industrialization can be measured and evaluated in its
total capacity. If the panorama remains as it is at present, the
organization and production of industrialized and modular housing
will remain based on interpretational judgements at the scale of
each enterprise and with partial analysis, and will offer no com 
prehensive solution to the problem of building in large volume
without causing shortages and runaway costs affecting the factors
of production, mainly during this inflationary period.
But there are some other reasons besides those explained
above favoring the reorganization of the Building Industry. This
set of additional reasons has to do with the efficiency of the Indus
try as compared to that of other sectors of production. As an
example, and these are figures given by the Department of Com
merce, during the last seven years, the productivity increase per
worker per year in the construction industry was of 0.4% while
that of the economy as a whole was of 2.5%. Though these pro
ductivity indexes show only output per worker, and do not take into
account yearly hours worked for both sectors, nor do they con
sider that part of output of the manufacturing industries which give
service to the Housing Industry, these productivity indexes focus
on the wasteful ways in which we are, at present, utilizing the
most scarce resources.
The structure of the Building Industry and, even more so the
housing sector, is characterized by its fragmentation and decen
tralization; each participant of the process is concerned only in a
particular segment of the overall construction process and has a
specific area of responsibility, factors which create, in many
instances, lack of cooperation and a very poor level of communi
cation. The Industry is basically structured as it was at the
beginning of the century, and the fact of its permanency while the
whole context has changed so dramatically, has resulted in
extreme efforts of self perpetuation instead of transforming itself
under the impact of economic necessity into a more rational form
of enterprise. “ The free play of competition, which in our
system is supposed to shake out the inefficient and adjust costs to
the market, has been throttled by combination and coercion. ” (3)
. . . of all the participants of the construction process, which try
to obtain for their own enterprise the security and stability of
their share in the local market, in detriment of the development
of new producers’ organization, new materials and methods of
production and erection, new forms of distribution, and finally,
of the integration of the industry at a larger scale.
Therefore, because industrialization is identified and selected
as one way of increasing the supply of housing, or because this
way of production signifies the savings of the scarce factors of
production, or, finally, because the Building Industry or the
country as a whole cannot any longer afford the continuation of the
present ‘ state of efficiency’ , it is obvious that a reorganization of
the Industry is very much needed.
In order to undertake this task it is essential to have full
knowledge and understanding o f the present available resources,
in their composition and relations, so as to be able to design,
direct and control the changes needed within the Housing Indsutry.
Greater industrialization in the production of housing implies
the following, among others:

increased productivity
reduced costs
transference of labor from site to factory
savings in skilled labor
larger output
increased speed of construction
and, more fundamentally, technology should become a builtin by-product of the organizational system of the Industry
as well as of the design process.
Obviously, industrialized housing has been a word replace
ment of prefabrication, since it has made no contribution to the
advancement of the technology of the finished product. It has in
troduced mechanization in the building process, making the same
dwelling unit in a slightly different way. Very few of the experi
ments of prefabricated and modular houses that have been devel
oped in this country in the last decade have achieved, at certain
periods, volume production and, when so, those systems com 
prised only a small part of the total market output.
I believe that the inadequacy of the results of industrialized
housing products is essentially based also on the fact that these
attempts have tried to move from one form of production to a com 
pletely new form of production, keeping the factors of production,
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setting up a new combination of factors of production in the
Building Industry;
a new organization of labour and skilled labour in the building
trades;
new building materials and innovative construction techniques
as well as the more efficient use of current materials
and practices for the employment of industrialized hous
ing system s, (R & D);
a m ore sophisticated management practices in order to suc
cessfully handle the larger scale of production, construc
tion and marketing;
greater financial resources in order to assure continuous
production and mortgage funding;
sm all physical variations in the composition of the demand
must be transferred to modular coordination and stan
dardization of the product;
continuity and stability in housing demand, more than volum e,
must be secured if the Building Industry is to amortize
any substantial increase in research, product development
and capital invested;
a gradual change in the content of each factor of production in
proportion to that part of the output which is going to be
industrialized, maintaining therefore, a flexible industry.
Flexibility becom es an important characteristic of the organi
zation o f the Building Industry. When building programmes are
subject, on the one hand, to partial fluctuations of the demand
which are due, by and large, to partial fluctuations in the general
level o f the economy and, on the other hand, to variations in the
emphasis put on various program m es, the Building Industry must
be able to absorb minor fluctuations in the demand, thus, supply
of housing over short term periods, that is to say, within a build
ing c y c le , as well as among building cycles themselves. This
flexibility, which has to be achieved through a long term period,
will allow the Industry to respond to different types of production
emerging from a non-totally aggregated demand, (there w ill
always be the custom-m ade house, the repair and maintenance of
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the stock of housing, e t c .), in an efficient way, that is to say, by
not loosing its trained manpower, its experience, its investments,
and by not causing stoppages or shortages that will produce the
beginning of an inflationary cycle.
Besides the issues raised above, there is an additional one
which must be taken in consideration by all of those involved in
the design and production of housing.
At present, industrialized housing is considered to be a syn
onym o f poor quality, monotony, and standardization of the envi
ronment in a mechanistic way. I believe that this is not intrin
sically true of such a method of production if we constantly keep
in mind, at all levels of design, production and erection that the
users have to be put in the foreground of our goals and priorities.
The dwelling unit is to be seen as a m icro-universe of the
individual or association of individuals living in it; in addition,
housing is an essential component of the physical environment and,
as such, must harmoniously relate to it in a socia l, econom ic, and
morphological way. There is no irreconciliable dichotomy between
the intrinsic possibilities of industrialization and the aims de
scribed above if we know how to utilize this method of construction
as a tool that m aterializes and expresses man’ s highest ideals and
creative capacities.
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ENGINEERING IMPROVEMENTS IN RECLAIMED MARSHLAND FOR HOUSING PROJECT
by
Carl W. Garbe* & Kuei-Wu Tsai**

INTRODUCTION

Geologically, San Francisco Bay is a deep trough that has been
filled with sediments to varying depths up to several thousand feet.
The water depth is shallow and the Bay has very poor water c ir 
culation. The shoreline is almost uniformly com prised of a marsh
about two m iles wide. The soft marsh soils, known locally as bay
mud, vary in thickness from zero to as much as 85 feet in the vi
cinity of Redwood Shores.

The shortage of available land for residential development in
the San Francisco Bay Area has led to the improvement of sites
having marginal subsurface conditions. Among these sites are
those with steep or mountainous topography as well as reclaimed
marshlands. This article will deal exclusively with the unique
engineering problems encountered in marshland development.
The reclamation of tidal marshlands or underwater areas has
typically involved diking to a level above high tide and filling with
in the dikes with a few feet of imported fill over soft, compressible
marsh s o ils . The ensuing behavior of the final product has been
a matter of concern to both engineers and land developers. In
some instances, large total and differential settlements of the
surface, as well as instability within the underlying soft clay,
have caused failures of structures and underground utilities.
A thorough investigation of soil conditions, combined with
careful planning and analysis is necessary to produce rational and
satisfactory foundation design and construction in areas form erly
considered unusable. Land reclamation and development of Red
wood Shores, in Redwood City, California, is showing that good
planning, design and construction fitted to the soil conditions can
successfully convert tidal marshes into usable land quickly and
econom ically.

SITE HISTORY
Redwood Peninsula, which occupies about one-third of Red
wood Shores, was originally a tidal marshland with an average
surface elevation of about 3.5 feet above mean sea level. Much
of the Redwood Peninsula was diked off from San Francisco Bay
about 1910 and used as pasture until 1950. It was then converted
to salt evaporation ponds by the construction of interior levees.
In 1964, the land was drained in preparation for the present de
velopment. The area has experienced varying periods of inundation
and drying, which have had a marked effect on the surface elevation
and on the characteristics of the existing surface and subsurface
soils.
SOIL INVESTIGATION

LOCALE
Redwood Shores is located in San Mateo County on the San
Francisco Peninsula of California. As shown on Figure 1, it forms
a part of the west shore of San Francisco Bay.

♦Partner, Dames &M oore, San Francisco, California.
’•‘♦Associate P rofessor, San Jose State College, San Jose,
California; Project Engineer, Dames & M oore, San Francisco,
California.

A comprehensive soils investigation was conducted in the area
through exploratory drilling, soil sampling, and extensive field
and laboratory testing (including vane shear, moisture-density,
specific gravity, consolidation, and unconfined and triaxially con
fined shear tests).
Borings were drilled on a grid pattern that resulted in one
boring per 10 acres. In addition, probes to establish the depth
of bay mud were advanced on a sim ilar but offset grid as shown
on the Site Plan in Figure 2. Typical borings were extended about

Fig.
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2. Site Plan

PEAK SHEAR STRENGTH (PSF)

5 feet below the bay mud la y er; deeper borings were extended ap
proximately 25 feet beneath the clay. Relatively undisturbed soil
samples w ere recovered at frequent intervals.
The subsurface soil profile was found to include:
1. Three to five feet of stiff to medium stiff desiccated gray
organic silty clay. Vertical desiccation cracks up to 3/4
of an inch wide were visible to a depth of six o r seven feet
in excavations.
2. Approximately 15 to 75 feet of soft com pressible gray
organic silty clay (bay mud).
3. Stiff sandy clays and dense clayey sands with some silt
and gravel, of alluvial origin, to the depths explored.
A typical boring log is shown in Figure 3.
The strength of the soils within the uppermost 10 feet showed
the influence of desiccation; 10 feet below the surface, an appar
ently typical strength-depth relationship exists. Summaries of
the strength data from field and laboratory tests are presented in
Figures 4 and 5.
Consolidation data confirm ed that the first 10 feet of soil was
over-consolidated because of desiccation. Probable maximum past
pressures are computed from the history of reclam ation and com 
pared favorably with the test results shown in Figure 6.
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The relationship of the com pression index Cc to the initial
void ratio eQ at various depths is shown on Table 1. A sim ilar
relationship of the expansion index Ce appears in Table 2.
The overall coefficient of consolidation Cv averages about 10
square feet per year, with a variation from about 5 to 15 square
feet per year.
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Regular meetings were held during the planning, design, and
construction phases of this project to coordinate the efforts o f the
developer, engineers, and contractors. Two major soil engineer
ing problem s, stability and settlement, were prime subjects for
discussion at these meetings and required thorough analysis.

FIGURE 5

Fig.
154

5. Summary of Laboratory Strength Test Data
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Stability Analysis
Successful levee construction or waterway channel excavation
requires a stable slope embankment; and it was expected that the
data obtained from the subsurface investigation, combined with
detailed analysis, would provide a satisfactory basis for planning
and construction.
However, many difficulties were encountered in this respect,
despite the testing and analyses. It was concluded that slope con
struction procedures produced a distribution of pore water piezo
metric levels different from that used in conventional stability
analysis and resulted in a seepage force which lasted for a longer
than normal period because of the time required to dissipate ex
cess pore water pressure in the low permeability soil. Failure
to consider the different piezometric levels properly would lead
to an unsatisfactory design.
Settlement Prediction
Soil investigations revealed that the characteristics o f the
clay deposit throughout the whole area were relatively uniform,
with the exception of thickness of the deposit and the influence of
sloughs and other surface features. The primary effect of the
variation in conditions was to produce large differential settle
ments under uniform loads.
To properly take into account the effects of settlement, a
detailed analysis was performed as a guide to planning and con
struction. Figure 7 is a typical chart prepared for determining
the thickness of the areal fills to be placed. Settlement observa
tion plates were installed and data were collected regularly to
check the predicted settlement.
Potentially severe differential settlement areas, resulting
from a different consolidation history of the clay underneath
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sloughs or levees, were delineated as shown on Figure 8. Special
considerations were needed for these areas. Possible alternatives
for development included:
- Using for roadways, waterways, parks, etc.
- Corrective grading
- Releveling of structures
- Preloading
- Delaying construction after fill placement
- Supporting structures on pile foundations

Succeeding lifts were loosely placed in uniform, horizontal
layers of not more than 8 inches in thickness, and were com
pacted to a dry density of not less than 90 percent of the maximum
dry density.
Heavy compaction equipment was not permitted on the site
until the first lift over the working pad was ready for compaction.
Loaded hauling equipment was not permitted in any area containing
less than two feet of compacted fill over the prepared surface.
Trenching

All earthwork was performed so as to produce a uniform
product of acceptable quality without disrupting the uniformity of
the existing soil profile. To this end, contractors were required
to follow the specifications recommended by the soil engineer.
The reclamation process involved the following steps:

All trenches deeper than eight feet below the adjacent surface
were required to be sheathed continuously, with bracing installed
at each level before continuing the excavation below that level.
The requirements for trench backfill are shown in Figure 10.
The excavation soil was segregated by type (imported fill or
bay mud) so as to permit its re-use as controlled trench backfill
or as controlled fill elsewhere on the site.

Preparation of Site

Shallow Foundation

a. Sloughs and Other Surface Irregularities required de
watering, demucking, and formation of a smooth section and
profile (either by lightweight wide-tracked dozers or by drag
lines), followed by backfilling with conditioned bay mud compacted
to the densities shown in Figure 9.
b. Generally Level Areas were cleared of excessive vegeta
tion and other deleterious matter. The surface was then scarified,
aerated to reduce the moisture content of the soils to a level of
not more than 10 percent of the optimum water content, leveled,
and compacted to a depth of 8 inches below finish grade with a
density not less than 75 percent of the maximum dry density.
c. Interior Levees and Haul Roads no longer needed were
removed and all material was conditioned as necessary and utilized
as fill elsewhere on the site. The cleared areas were then pre
pared as described above. Haul roads were constructed, where
needed, of native soils compacted to 85 percent of their maximum
dry density or of imported soils compacted to 90 percent of their
maximum density.
d. Damage to Native Soils was avoided by limiting loaded
earth-hauling equipment traffic to haul roads only and by routing
these roads to avoid pumping of the native soils. Any rutting or
other damage to the native soils that did occur was corrected by:
- Excavating damaged areas to a depth of at least two feet
- Permitting the excavation to dry and form a desiccated
crust (during this period, the excavated material was con
ditioned to the optimum moisture content for compaction)
- Backfilling the excavation with conditioned native soils
compacted to not less than 75 percent of their maximum dry
density.

Criteria for the footing design are based on the assumption
that the maximum allowable shear stress in the bay mud is 250
psf. Recommended design criteria for square and strip footings
are presented in Figures 11 and 12.
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The site preparation phase was followed by a filling operation,
which covered the site with a blanket of imported and compacted
granular soil varying in thickness from about two to six feet. Im
ported fill was then placed over the prepared surface in an initial
uniform, horizontal lift (working pad) of not more than 12 inches
in loose thickness; this lift was required to be compacted by
spreading equipment to a dry density of not less than 85 percent
of the maximum dry density.
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NOTE: THE CALCULATIONS FOR THE ABOVE
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THAT THE FOOTINGS CANNOT ROTATE
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SHEAR STRESS IN THE BAY MUD
IS ZS0 PSF.

Fig. 11. Recommended Design Criteria for Square Footings

156

CONCLUSION

BEARING PRESSURE (PSF)

Reclaimed tidal marshland, underlain by soft and very com
pressible clay, can be developed quickly and economically into
usable land. At the Redwood Shores site, for example, residential
houses, recreational facilities, bridges, roads, and underground
utilities have been built without major soil difficulties. Thorough
subsurface investigation, detailed soils design and analysis, and
strictly controlled soils construction techniques are among the
key requirements to make this kind of land development successful
or even possible.

NOTE: THE CALCULATIONS FOR THE ABOVE
HERE BASEO ON THE ASSUMPTION
THAT THE MAXIMUM ALLOWABLE SHEAR
STRESS IN THE BAY MUD IS 250 PSF

Fig. 12. Recommended Maximum Bearing Pressures (total) for Strip Footings
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INDUSTRIALIZED LOW COST HOUSING IN MISSOURI
A CASE STUDY
by
Kenneth P. Buchert*, Ph.D., P.E.

INTRODUCTION
Industrialized housing is defined as that type of living unit that
is substantially completely built in a factory and shipped to the site
and then erected on a pre-prepared foundation in one or two days.
The unit may be similar in appearance and construction to conven
tional units, or may be drastically different in appearance and/or
construction. The basic structural methods used are the box,
panel, beam and column or the structural system.
There are many reasons why industrialized housing is captur
ing more of the market each year. One of the major reasons is
cost. One study in Missouri indicates that 80% of the people cannot
afford a new conventionally built home. As a result, over one-third
of the new living units built are mobile homes which are at present
the most economical type of factory-built unit. In general, the
mobile home can be purchased at less than 1/2 the cost per sq. ft.
of a conventionally built home.
At the present time industrialized housing that is similar in
appearance and construction to conventional housing is selling for
about 25% less than equivalent conventional housing. In addition,
some industrialized builders are planning on using new materials,
new joining techniques, modern architectural and engineering design
and modern production techniques that promise an industrial revo
lution in the home industry.
There are many serious problems that must be overcome before
the cost of new housing can be brought within the reach of most
families. Some of these are restrictive building codes, seriously
different interpretations of the same building code, multiplicity of
building codes, restrictive and uneconomical zoning practices,
fragmentation of the home building industry, inadequate financing,
unfair and restrictive federal regulation, union discrimination,
regressive tax policies, inadequate development of electrical and
mechanical equipment and restrictive practices by public and
private utilities (1) thru (12).
In spite of the multitude of difficulties, factories are being
built and industrialized housing units are being produced at an in
creasing rate. Missouri is one of the states that is increasing its
production of industrialized housing. There are over thirty firms
in the state that are producing housing or parts therefor. The
trend in Missouri is similar to that in other states. Most of the
factories are located outside of the large urban areas. As a result,
most of the installations are also outside of the large urban centers
and housing costs are much less in these areas. It is ironic that
the large cities with their supposedly progressive attitudes should
be lagging behind in this new vital industry.
Progress is being made in overcoming the serious problems
associated with industrialized housing. Twenty states have passed
industrialized housing laws that waive local codes and attempt to
obtain statewide regulation. Serious attempts are being made to
bring the nationwide codes such as BOCA and the Uniform Building
Code together into one code and remove some of the unfair and
ultra-restrictive requirements on new types of construction. Sev
eral federal agencies are working on a nationwide code that would
replace the local or statewide codes. Model zoning is being studied
with the hope of producing more attractive and economical develop
ments. Large corporations and financing institutions are becoming
interested in housing and multimillion dollar factories are under
development and construction. Some of the industrialized housing
producers are being organized by several unions. As a result, the
units produced are being installed by organized labor on the site
with a minimum of interference. (13)
The purpose of this paper is to study one type of low-rise unit
that is manufactured by the Home Building Corporation in Sedalia,
Missouri. The design and construction is evaluated on the basis of
an industrialized performance specification written at the University
♦Professor of Civil Engineering, University of Missouri-Columbia.
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of Missouri-Columbia that was developed as part of the “ Mizzou
Housing Project-Application of Turn-Key Construction to Indus
trialized Urban Housing in Missouri” . (6)
HBC UNITS
A pair of modules designed by Reyburn &Wright Architects
and built by Home Building Corporation at their Sedalia, Missouri,
factory have been studied. These modules have been placed in
cities throughout the state and have been approved for both Farm
Home Administration and Federal Housing Administration loans.
They have received the BOCA seal signifying that they meet the
requirements of the BOCA Basic Building Code, which is one of
the accepted codes in the state of Missouri. Home Building Cor
poration has been picked as a winner in the Operation Breakthrough
competition and will soon be placing similar houses in the St. Louis
area. The house analyzed can generally be described as a frame
structure composed of two modules, approximately 40 feet long and
12 feet wide. An additional three feet of width is provided in the
finished house by panel inserts at the center of each end of the
house and sections of roof and floor that complete the remainder
of the extension. The exterior of the house is specified as 3/8
inch plywood with battens at 16 inches on center. The interior
walls are covered with paneling or sheetrock. Floors are either
carpeted or covered with vinyl sheet flooring. The windows have
metal frames and slide to the side to open. Rooms included in
the modules are a living room, kitchen-dining area, three bed
rooms and a bath. There is also a utility room containing the
furnace, hot water heater, a space for a clothes washer and a
storage area. Another dominant feature of the house is the
vaulted-type ceilings. All ceilings except those in the hall feature
exposed, sloped, mahogany-trimmed beams. The hall is lighted
by soffit lighting. The units are sold at the factory for about
$10, 000 each.
The Home Building Corporation is a well organized modular
factory producing single-family houses and townhouses. The
factory layout consists of a single production line for half house
modules or two story townhouse units, fed by short production
lines for the components of the house. At station one, the floor
system is put together in sections about 12 feet wide by 34 to 45
feet long. These dimensions conform with the allowable highway
transportation size for the state of Missouri. The floor sections
are built on steel beams having wheels that follow a track to the
end of the production line. The two halves of the house that are
later to be mated travel in sequence on the production line, al
though they never touch until they are placed on the foundation.
The entire flooring system including the vinyl covering for the
kitchen and bathroom floors is placed before the module is rolled
to the next position. At this next station and at each succeeding
production station, completed components are brought onto the
floor system and fastened into place. The entire process of pro
duction is sequenced so that the material flows onto the floor
system in an orderly manner. An example of the efficiency and
forethought in the operation is that the bathtub is placed before
the bathroom walls are positioned. One panel of the wall in an
adjacent hall is designed to allow removal if the bathtub should
have to be replaced at a later date. Power nailers and saws
greatly reduce the amount of labor involved in each house. Jigs
are used to produce the wall sections and roof sections before they
are placed on the floor system. Glue is used to secure joints in
addition to nails whenever possible. This method increases the
structural rigidity of the unit. Scaffolding for working on the roof
is permanently connected to the ceiling of the factory to allow easy,
safe access to the module roof and is also designed to swing out of
the way to allow the house to pass to the next station. An impor
tant factor relating to the possible acceptance of modules from this
factory is that all of the workers employed are union members.
This helps avoid some of the union problems at the building site.

It is the policy of the management not to keep completed units in
stock. Therefore, before a house is started on this production
line it is already sold. This is possible because production time
for a particular house is very short, less than one week. The
management hopes that production will be at three units a day on
the Operation Breakthrough project. At the end of the production
line the modules are loaded onto flatbed trucks for delivery to the
foundation. The module is so complete when it leaves the factory
that the street number is already affixed to the front door sill.
When the module arrives at the foundation, a large crane lifts the
half houses off of the flatbed and onto the foundation. The founda
tion is prepared by the purchaser of the modules, but must meet
HBC standards. It takes only a half day for a crew of four men to
set the house on the foundation and make it ready for utility hookup.

determine the maximum theoretical values. All eight parameters
proved to be within the tolerances specified in the performance
specifications. The specifications also called for analysis of the
uplift force on the roof and the overturning force due to the design
maximum wind load. The factor of safety against uplift was found
to be 1.8 and the factor of safety against overturning was found to
be 7.1.
The performance specifications require that the dwelling unit
shall be classified as type 4-A. This type of dwelling unit is re
quired to have a 3/4 hour fire resistance rating for all major
components. All components proved to have a sufficient fire
resistance rating.
The performance specifications require that the heat loss not
exceed 50 Btuh per square foot of total floor area maintained at
70° F. Calculations show the heat loss for these modules to be
only about 30 Btuh per square foot.
The minimum sound transmission class is specified to be 48
for floors and ceilings and 40 for walls and partitions in this
dwelling. The STC rate for walls similar to those used in these
modules was found to be 31. This fails to meet the performance
specification. The impact noise rating was given as -18 db for
floors of the type used in the module. This rating means that the
floors are rated at -18 db below the FHA impact noise curve.
The higher the INR, the better the impact isolation of the structure.
A maximum value of 1/2 perm vapor transmission rate is
required for the ceiling and floor of the dwelling. The walls are
required to have a permeance of less than 1. Aluminum foil backed
drywall as used on this module has a permeance of .084 to . 385.
Both the ceiling and the walls pass the performance criteria. The
plywood floors have a permeance rating of between 3.0 and 6.0
and therefore do not pass the performance specifications.
Precise values for parameters of durability, weatherability
and appearance were not developed for this study. The conventional
nature of the materials used in this dwelling suggests that they
have been found to possess these attributes.

PERFORMANCE SPECIFICATIONS AND ANALYSIS
The objectives of performance specifications are twofold: to
develop performance specifications which can be used state or
area-wide with only minimal changes for local conditions and to
develop true performance specifications which judge housing con
struction by its performance, in terms of structural or mechanical
or electrical adequacy with a proper factor of safety rather than
in terms of its methods, materials, allowable stresses, etc. Most
performance specifications must be divided into low -rise (3 stories
or less) or high-rise because of the differing requirements (fire
protection, e tc .). The Mizzou low -rise specification (6) covered
the following items: architecture, site, foundation, structural
(basically a factor of safety of 1.5 was specified), mechanical,
utilities and landscaping.
The structural analysis of the unit can be divided into four
parts. First the exterior loads acting on the unit are determined.
Wind and snow loads can be estimated from maps developed from
United States Weather Bureau records. Secondly, the dead load
of the superstructure can be found by estimating the unit weight of
all materials used and the quantity of each material used. Dead
loads are recorded in a manner to allow estimation of the dead
load at any critical location in the structure. The critical points
for analysis are then selected. The most critical combinations of
snow load plus wind load or a minimum live load as stated in the
performance specifications plus the dead load are used to calculate
stresses and deflections at the critical points.
The Mizzou performance specifications state that the structure
shall possess the minimum fire requirements for classification
type 4-A as described in the BOCA Basic Building Code/1970.
The BOCA Code states that a type 4-A structure should have a fire
resistance rating of 3/4 hour. Fire resistance ratings are found
for components similar to those in the dwelling in Building Mate
rials List-1969, Underwriters’ Laboratories, Inc., and Uniform
Building Code, Vol. 1, 1967 Edition.
Minimum Property Standards for One and Two Units and
Minimal Property Standards for Multifamily Housing, both pub
lished by the U.S. Department of Housing and Urban Development
and the Federal Housing Administration present the requirements
for insulation properties and methods of heat loss calculation.
The major criteria in the Mizzou specification is that the heat loss
shall not exceed 50 Btuh per square foot of the total floor area to
be heated to 70° F.
Minimum acoustical quality for floors and ceilings are spec
ified as sound transmission class 48 and for walls and partitions
are specified as sound transmission class 40. Sound transmission
class ratings for typical housing components obtained by proce
dures contained in A STM E90-66T can be used.
The performance specifications require a transmission rate
of no greater than 1/2 perm for the ceiling and roof and a trans
mission rate of not greater than 1 perm for the walls.
For a structure to resist destructive elements, materials
should be protected with chemical coatings, paints or other types
of surface protection. Ventilation and avoiding contact with the
ground are also important. The components used can be reviewed
to see if they are protected by any of these methods.

SUMMARY AND CONCLUSIONS
The case study met most of the performance specifications
for the superstructure. The structural analysis shows all of the
components to have factors of safety greater than the required
1 .5 . Fire protection and insulation properties specifications
were also met by all the components checked. The acoustical
quality was below the performance specification level, but was
essentially the same as most low - to medium-priced frame
houses. Vapor barriers were within specification except for the
floor system. Durability, weatherability, and appearance were
found to be equivalent to most conventional frame dwellings. The
dwelling met almost all of the performance specifications with
relatively large factors of safety.
The large factors of safety suggest that there are areas where
costs could be cut and still have the dwelling achieve the level of
performance required. Roof joists seemed to be the most over
designed component in the superstructure. Their factor of safety
for stress was well over 20 and the deflection was less than 1/200
of the allowable. The depth of the roof joists was required for
insulation but better insulation material would allow a thinner
section and possible material savings. The interior walls were
structurally over-designed, but did not meet the required acous
tical properties. New acoustical materials would allow redesign
for the wall sections and provide possible cost savings.
Performance specifications such as the one used in this study
encourage the use of new materials and methods to bring the
factors of safety into proper relationship and allow areas of pos
sible cost savings to be explored.
Although the units used in this study are produced by factory
methods at significant savings in cost, they are produced by rel
atively crude methods as compared to the methods used on autos
and other similar equipment. It appears that considerably greater
cost savings, that can be passed on to the consumer, can be real
ized in the near future. In addition, new methods of structural
design can be developed to reduce costs further. Perhaps one of
the greatest potentials for cost reduction is in the area of mech
anical and electrical installations. Very few items that are really

RESULTS OF SUPERSTRUCTURE ANALYSIS
Eight critical areas of stress and deflection were analyzed to
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new and fit the industrialized unit have been marketed on a large
scale. In addition, the site preparation and utilities techniques
need an in-depth study to industrialize this portion of the overall
project. Perhaps statewide or other performance specifications
should be written to overcome the restrictive and costs require
ments of the utility organizations.
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RISK ANALYSIS OF LOWER COST HOUSING CONSTRUCTION
by
Robert I. Carr, Jr., Ph.D.

A housing project can be modeled as a complex arrangement
of interrelated work items which are collected together and called
activities. The length of time required to perform each activity
is its duration, and the durations of the activities depend upon
such variables as the skill of unknown crews, subsurface conditions
at the job site, weather, and delivery time of materials. The
planners of a project cannot be certain of the durations of the ac
tivities because the outcomes that these types of variables will
have during the progress of construction are unknown to the plan
ners before the actual construction starts. The uncertainty in the
timing of the progress of a project is uncertainty in the start and
finish times of the activities.
A computer model has been developed to analyze the risk in
the timing of the progress of a construction project. This Model
for Uncertainty Determination (called MUD) simulates the progress
of a project by simulating the progress of its activities. The re
sults of this simulation provide an analysis of the amount of risk
in the timing of the project progress. Figure 1 is a flow chart
for the simulation by MUD.
A necessary input for the simulation is a set of the progress
dependencies among the activities. The activity on node system
used for CPM precedence networking was adapted to portray de
pendencies required for the application of MUD to housing projects.
A typical housing project has many virtually identical units which
each require identical activities. The work is scheduled so that
an activity such as “ rough electrical” must be performed sequen
tially from unit to unit. The “ place dry wall” activity for each
unit will be performed sequentially after the “ rough electrical”
on that unit and the “ place dry wall” on the previous unit. For
100 units in a project, each unit with 40 activities, a network with
4000 activities would be demanded for accurate progress simulation
using normal networking techniques.

-----------SINGLE SIMULATION
----------ITERATIVE CYCLE FOR
MULTIPLE ITERATIONS
Fig. 1. Simplified Flow Chart for MUD
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The technique developed for MUD allows all the rough elec
trical work for all the units to be consolidated into a single activity
without the loss of the sequential logic of the separated activities.
Similar treatment is given “ place dry wall” , “ finish carpentry” ,
and “ paint. ” These consolidated activities are dependent upon
each other in their daily progress but can progress concurrently
(on different units) and are called dependent, concurrent (DEPCON)
activities.
The network relationship for the four DEPCON activities de
scribed above are shown in Figure 2. The numbers (0.01, 100)
show that each activity consists of 100 steps of duration 0.01 of
the total activity duration. The duration of each step of each fol
lowing activity cannot be started until the corresponding step of
the preceding activity has been completed. The MUD network
techniques also include continuous DEPCON relationships in a
forward or backward direction. Methods have been developed for
the CPM analysis of networks which contain the resulting depen
dency loops.
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Fig. 2. Network Relationships of DEPCON Activities

It is normal that several activities of a housing project share
the same crews, supervision, site conditions, inspectors, ma
terials , and weather. Because of this sharing of the same vari
ables of uncertainty, the uncertainties of the individual activity
durations are not independent. Current planning models either
lack an analysis of risk or assume that the activity durations are
independent in their uncertainties. For example, critical path
analysis disregards risk and the PERT probabilities system in
cludes uncertainty but only under the assumption that the activity
uncertainties are independent. MUD was developed to overcome
these two limitations.
The project is simulated by a sampling of the effects of the
outcomes of the random variables which the planner estimates
will affect the activity durations. All of the random variables
except weather are considered independent of calendar date
(INCAD). Each INCAD variable requires as input an estimate of
the probability distribution of its effects and a list of the other
variables and activities which it affects. A “ dependency grid”
was developed as a way of representing the dependencies among
the INCAD variables and activities.
Figure 3 (a) shows a flow chart for the dependencies among
six INCAD variables and three activities. Figure 3 (b) shows the
same dependencies on a grid. The duration of activity “ place
trim” is affected directly by the outcomes of variables “ carpenter
skill” and “ (3) scale factor” and indirectly by “ supervision
quality. ” In this flow chart, the scaling factors are to adjust the
samples of variables across the top to their appropriate effects
upon the activities. Figure 4 is an example of a grid for 27 INCAD
variables and 22 activities.
The numbers in parentheses in Figure 3 (a) are the estimated
probability distribution inputs for the variables which must be
provided by the planners. MUD now allows as input complete
discrete or continuous cumulative distribution functions (CDF) or
beta CDF’s specified by upper and lower limits and mode. The
input numbers for the activities are their standard durations. The
standard durations are the durations expected of the activities if
a set of standard value outcomes are assumed for the INCAD vari
ables and weather. Standard durations may be either single value
point estimates or multiple valued probability distributions.
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Weather contributes uncertainty which is dependent upon
calendar date and is called DECAD to distinguish it from INCAD.
Because of the dependency of weather upon season of the year,
weather effects upon the individual activities cannot be sampled
until the calendar time of the activity is known. The timing of an
activity depends upon the durations of the preceding activities and
is not known until the raw duration samples of those activities
have been found and adjusted to DECAD. The sampling of weather
effects upon the activities requires a simulation of the daily prog
ress of the housing project from its start to its finish. The raw
duration samples adjusted to DECAD are called actual duration
samples.
The inputs for the DECAD sampling are the activity depen
dencies represented on the network, a set of weather data for a
number of years at the location of the project, and a set of weather
sensitivity correction (SC) values for the activities. The SC values
relate the occurrence of different weather parameters to their
corresponding effects upon the activities. Below is a typical set
of SC’s for an activity whose progress is sensitive to cold, rain,
and soil moisture.
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MUD performs Monte Carlo sampling upon the input proba
bility distributions and then combines the samples according to
the dependency grid to adjust the standard durations. The dura
tions thus adjusted to all INCAD but not to weather are called raw
durations. The raw durations are therefore single value duration
samples which include all uncertainty except weather.
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The weather parameters are listed on the left and their cor
responding SC’s on the right. The parameter HI or high less than
40 means the maximum terperature of the day is less than 40 de
grees Fahrenheit. With a corresponding SC equal to one, the
activity would be estimated to lose all of a day of work on each
day in which the maximum temperature was less than 40 degrees
Fahrenheit. The next line indicates that three tenths of any work
day would be lost if the maximum temperature that day was less
than 50. The third line shows that if the rain, given by the sym
bol RN, is equal to or greater than a tenth of an inch, one half of
the day would be estimated to be lost. The next symbols RN2,
RN3, RN7, RN14, and RN28 refer to the total rainfall over a
period o f 2, 3, 7, 14, and 28 days and are crude indicators of the
comparative magnitude of excess soil moisture. Figure 5 shows
a demonstration matrix of SC values for a set of weather param
eters and activities.
The computer samples the daily progress of the housing proj
ect by correlating the SC values with daily weather data for the
activities which would be in progress according to the activity
network dependencies. Each activity is started when the depen
dencies allow its start and finished when its raw duration has been
completed. Therefore each activity starts on its earliest start
time and finishes on its earliest finish time. The time required
from simulated start to finish is the activity actual duration sample.
The special CPM analysis methods developed for MUD are used
to calculate late and float times for the activities. Those activi
ties whose timing is critical to the earliest finish of the project
are called critical activities.
A complete simulation of the housing project will output a
sample of raw and actual durations, earliest and latest start and
finish times, and total and free float times for each activity. The
dashed line on Figure 1 indicates multiple iterations through the
model. Each iteration requires a separate sampling of INCAD
and DECAD. Therefore each needs an independent Monte Carlo
sampling of input probability distributions and an independent set
of weather data for the job site. The outputs from multiple itera
tions can be statistically reduced to produce mean and standard
duration estimates for each of the activity times. This processing
also produces a “ criticality index” for each activity which is the
ratio of total number of iterations to the number of iterations in
which the activity was critical. The housing planner therefore
has expected values of the activity times under uncertainy, a
measure of the criticality of each activity, and an estimate of
how the actual timing of the activities might vary from the ex
pected values. This last is his measure of overall uncertainty

in the project. By varying his input values according to changes
in work methods he wishes to evaluate, the planner can obtain
useful advance information on the effects of these changes upon
the estimated project duration and its attendant uncertainty.
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TOWARD AN APPROACH FOR R A T IO N A LIZ IN G THE RURAL HOUSING DELIVERY SYSTEM
by
Henry Sanoff,* King Burgwyn,** Michael McNamara * * * and Terry A lfo rd ****

NEEDS AND PERCEPTIONS OF HOUSING

(5) have indicated that home mortgage financing is substantially
less available and more expensive in rural areas. Besides this
lack of credit, there has been a tremendous rise in the cost of
residential construction. Housing Secretary George Romney
has estimated that 80 percent of American families cannot
presently afford to buy a decent home. (6) The recent inflationary
period has caused the cost of construction to increase to the point
that only middle-income families can purchase new homes as
indicated in Table 1.

Recently, the Select Committee on Nutrition and Human Needs
in the United States Senate (1) determined that two-thirds of
America’s inadequate housing is in rural areas. That is, of the
seven million substandard units in this country, about four million
are outside metropolitan areas. However, counting only those
dwellings with deteriorating structure and without plumbing
facilities seriously understates the true severity of the problem.
If we also consider all over-crowded housing inadequate (that is ,
all units with more than one occupant per room), then additional
millions of units would be added to the rural housing problem in
the 1970’s. The need over the next ten years has been estimated
by the Rural Housing Alliance (2) to be 13.5 million new and re
habilitated housing units, of which seven million or 700,000 a
year must be subsidized.
More importantly, measuring inadequate housing only by the
number of substandard units focuses solely upon the housing unit
itself. Housing broadly defined includes three basic elements: a
physical dwelling unit, its inhabitants and their behavior toward
the unit, and its surrounding environment. Thus, improvements
in physical dwelling units cannot be considered in isolation of
other factors. Rather, they must be linked to changes in occu
pant behavior and to overall environmental upgrading. Clearly
then, the systems approach appears to be a method for isolating
the critical components of the problem.
Historically, as families migrated throughout the United
States, many carried with them the house style of their region to
wherever they happened to be going. Thus, today, examples of
many of these styles may be found almost anywhere in the country.
Furthermore, imitations of previous styles have appeared and
continue to persist.
In almost no other sphere of human activity has there been
such resistance to change as in housing, the area that affects us
most immediately and directly. To effect change, however, is
always more difficult than to continue with what has been tested
and accepted.
The house then, is not just a structure, nor a shelter, but
an institution influenced by the cultural environment to which it
belongs. It is evident that the house form is a reflection of ideas,
attitudes, and needs of its occupants and is symbolic of their life
style. (3) This socio-cultural dimension requires recognition as
a contributing factor to the present housing dilemma.

TABLE 1: DISTRIBUTION OF MONTHLY COSTS FOR NEW
SINGLE FAMILY HOMES SOLD IN NORTH CAROLINA IN 1969
Cost Component

Amount

Percentage

2

Mortgage
Principal (dwelling,
land, closing cost)
Interest

$

57
105

25%
46

5

2

Taxes^

24

11

Maintenance^

14

7

Utilities**

20

9

225

100%

Insurance^

Total Monthly Payment

$

Family Income Required to
Pay 25% for Housing

$10800

NOTES
1. Average price for new homes was $20,468 in 1969.
2. 30-year mortgage at 8^ percent increase plus | percent
mortgage insurance premium and 5 percent down payment.
3. Based on $3 per thousand of purchase price annually.
4. Based on $25 per thousand of purchase priced annually.
5. Average expenditure for families earning between $5-10,000
in the South.
6. Estimated for North Carolina (U. S. average is $25).
THE RESPONSE OF THE FEDERAL GOVERNMENT TO THE
RURAL HOUSING PROBLEM
The response of the Federal Government has been limited to
the mortgage loan and insurance programs financed by the
Farmers Home Administration (FmHA). The FmHA provides a
direct source of credit to those families living in rural areas and
cities with populations under 10,000. In 1968, the Section 502
Program was established to make mortgage loans to low-andmoderate income rural families with incomes below $8000. These
families are required to pay no more than twenty percent of their
income for mortgage, tax, and insurance payments. In the event
that twenty percent will not cover these costs, the FmHA will
reduce the interest rate to as low as one percent. While the
interest credit program is capable of reaching families in the
$3-4000 income range, its impact has been marginal since as
few as 11,000 loans were made in the country in 1969.

INCOME AND HOUSING
The National Commission on Rural Poverty (4) has indicated
that lack of family income lies at the root of the rural housing
problem. Generally, the median incomes of rural families are
from twenty to thirty percent lower than the national average.
This low earning capacity can be attributed to the rural wage
earner’s lack of education and job skills and the failure of the
rural economic system to produce viable employment opportu
nities .
Besides the problem of financial poverty and all the social
ills that accompany it, there exist serious failures in the housing
production process in rural areas. The present production
system is faulty to the point that it absorbs much of the $9 billion
a year that the Federal Government spends subsidizing the
incomes of poor families through welfare and social security pay
ments. Numerous studies by the U.S. Department of Agriculture

SELF-HELP HOUSING: A MEANS TO REACH THE POOR
Another aspect of the Section 502 Program that has proved
workable in rural areas has been the self-help operation conducted
by the Office of Economic Opportunity (OEO) and the FmHA, The
Self-Help Housing Program allows individual houses to be built,
under supervision, by groups of low income families who will live
in and own the dwellings. Their labor serves as a substitute for
capital equity and generally reduces the mortgage loan $3-4,000
per dwelling. The entire self-help process will often require
twelve months with six to eight months in the construction stage

* Associate Professor of Architecture, North Carolina State
University - Raleigh
**Research Assistant Center for Urban Affairs
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and six months for administrative processing. While limited in
extent (only 667 loans were made in 1969), work in Florida and
California substantiates its potential for further development.
Presently local OEO nonprofit, tax-exempt corporations initiate
the organization of this program. These corporations provide
assistance in obtaining house plans, preparing loan applications,
and locate and supervise the participants in housing construction.
The FmHA provides long term low-interest loans (as low as one
percent) for construction materials, subcontracting, and sites.
While few housing units have been constructed with the selfhelp program, the capacity to extend the limited credit resources
of the FmHA to more families is inherent in the program. How
ever, to have any substantial impact on the present housing need,
this capacity must be coupled with a more rational approach to
housing production. Home building in small towns and rural areas
has traditionally been a handicraft business, with limited precut
ting and preassembly of manufactured building components. This
slow, inefficient process is further complicated when untrained
laborers (each group of self-helpers must be introduced to the
most basic building skills) must be coordinated to perform unfa
miliar tasks. Often the problems that arise during the construction
period of six months can have a detrimental effect on the morale of
the self-help participants. In short, a greater degree of produc
tion planning is necessary to realize a substantial increase in the
volume of self-help building. (Table 2)
TABLE 2: DISTRIBUTION OF MONTHLY PAYMENTS FOR
SINGLE-FAMILY DWELLINGS FINANCED UNDER THE
FmHA-OEO SELF HELP HOUSING PROGRAM
Cost Component
Mortgage1
Principal (land and materials)
Interest

Amount
$

Insurance^
Taxes'*
Maintenance

4

Utilities**

Percentage

23
12

25.0%
13.0

3

3.0

21

22.5

14

15.0

20

21.5

93

100. 0%

Total Monthly Payment

$

Family Income Required to
Pay 25% for Housing

$4464

NOTES
1.
2.
3.
4.

$8200 mortgage for 30 years at 3 percent interest.
Based on $3 per thousand of assessed value ($12,000) annually.
Based on $25 per thousand of assessed value ($12,000) annually.
Average expenditure for families earning between $5-10,000
in the South.
5. Estimated for North Carolina (U. S. average is $25).
6. The average house measures 24’ x 40’ and is sited on a quarter
acre lot.

ing the retailer, savings up to 20 percent can be achieved. Before
bulk purchasing can be effective, however, there must be some
guarantee that sufficient housing will be demanded to merit large
material purchases. In the existing OEO-FmHA Program, this
guarantee is only as large as the local FmHA agent’s commitment
to self-help housing: since the FmHA is the only source of credit
to the self-help families. In most cases this commitment will not
exceed twenty-five mortgage loans.
Before revisions in present programs are implemented, the
financial costs of factory production of building components must
be weighed. These costs will vary considerably with different
localities. For purposes of discussion, the Macon Program for
Progress (MPP) in western North Carolina will be described.
This OEO funded anti-poverty agency administers numerous pro
grams including a self-help housing operation and a housing
rehabilitation effort.
The assets owned by the MPP include a revolving loan from
the State Government which will be used to purchase materials.
Since the FmHA is the only source of credit for self-help families,
the volume of production should be coordinated with various levels
of funding. Ultimately, the deciding factor will be the cost of the
building components package that the self-help family will purchase;
to justify the transition to a factory process this cost should be
comparable to the price of the present package ($6700).
Since the MPP is a nonprofit, tax exempt corporation, the
profits realized from the sale of the building component packages
cannot exceed the expenses incurred in producing the package.
The pertinent variables in this analysis are the cost of build
ing materials and the volume of units over which the labor, over
head, and financing expenses can be amortized. Preliminary
To further amortize the factory expenses, either a more sub
stantial savings must result from the purchase of wholesale
materials or a large number of units must be sold. Increasing the
volume of units seems the most likely alternative. Such an in
crease could result from the sale of building components to families
not participating in the self-help program. Many low income
families do not have a head of household able to assist in the
building process yet are eligible for mortgage loans from the
FmHa, either under the Section 502 Program or the FHA Section
235 Program. These families could purchase the building compo
nents package and pay an additional amount to have MPP personnel
assemble the components on the dwelling site. By adding this
dimension to the building program, the volume of units over which
the factory expenses are amortized could be increased to forty
units as described in Exhibit 3. A production level of forty units
would reduce the sales price of the building components package to
$6930 and the mortgage amount to $8430 ($230 above the present
mortgage amounts).
The machinery and storage facilities in the factory are suf
ficient to produce as many as 100 units annually. As the produc
tion level increases and more types of materials (mechanical
equipment, concrete blocks, etc.) are bulk purchased, the price
of the building components package will recede.

EXHIBIT 3: CASH FLOW ANALYSIS FOR FORTY YEARS

FACTORY PRODUCTION OF BUILDING COMPONENTS

First Year

Production planning in the building industry has not reached
the level of sophistication as observed in the science-based in
dustries (aero-space, automotive, food preparation). However,
there exist organizational techniques which can be utilized to pro
duce a better housing product. First, the production of building
components (walls, floors, roofs) can be moved off the dwelling
site. Since the production of components is essentially a cutting
and joining operation, greater speed of assembly and quality con
trol can be achieved when mass production is introduced. By
employing unskilled labor to operate simple machines, many
similar components can be produced quickly. The components
produced must be designed to join easily to form the complete
dwelling (particularly since self-help participants will be involved
in the site assembly).
By factory producing similar components, materials can be
bulk purchased in truck load lots at wholesale prices. In eliminat

Estimated Annual Expenses
Building Materials
Labor
Overhead and Utilities
Other Disbursements
Loan for First Year
Labor Expenses
Mortgage Payment on
the building and machinery
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Second Year

$240,000
na
6,000

$240,000
27,000
6,000

$246,000

$273,000

$ 29,160

$

na

2,185

2,185

$277,345

$275,184

Sales Price of the Building
Components Package to the
Self-Help Family

$

6,930

$

6,875

Mortgage Amount Required

$

8,430

$

8,375

investigations have revealed that a 10-20 percent savings can be
realized from the purchase of wholesale materials in bulk. A
conservative estimate of ten percent has been used in the cash
flow analyses. Assuming a commitment of twenty-five FmHA
mortgage loans, the factory expenses can be amortized sufficiently
to allow the building components package to be sold to a self-help
family for $7500. When added to the cost of land acquisition and
development ($1500), this produces a mortgage totalling $9000,
$800 more than the present mortgage amounts.

SELF-HELP ERECTION AND ASSEMBLY OF BUILDING
COMPONENTS
The erection and assembly process can begin with site clear
ing and the installation of a masonry foundation. The floor frames
would then be set in place and covered with a plank floor, followed
by the erection of structural framing members to align the wail
and plank components. While the size of the plank components
will vary, the weight of any component will not exceed two hundred
pounds; thus, the components would be easily handled by three
men. Each plank component will be fastened to the frame and
glued together.
Once the entire house is closed to the weather, doors and
window openings can be cut and installed. Mechanical equipment
can also be installed prior to the finishing of all interior surfaces.
After the foundation is completed the closing-in process should take
approximately two days. The interior and exterior finishing can
then progress at a pace dictated by the self-help participants and
their supervisor.

FACTORY PRODUCTION OF THE PLANK AND FRAME SYSTEM
One dominant characteristic of conventional construction is
the multiplicity of building materials necessary to produce the
finished product. Often small building firms do not use enough of
each one of these products to warrant purchase in wholesale bulk
lots. By forming a building unit that serves as the structure as
well as the finished surface, the amount of a single material used
in the dwelling can be substantially increased. Two inch by six
inch lumber with tongue and groove edges can be combined with
structural frames to form such a building system as that illustrated
in Figure 1. This building unit can be used for walls, floors, and
roofs, thus including large quantities of similar lumber per
dwelling unit. The fabrication of the plank components consists of
gluing the tongue and groove lumber together to form panels. The
frames will be constructed from precut lumber nailed with com 
pressed-air guns.
The factory building constructed to fabricate the plank and
frame components will also serve as a storage and distribution
facility. This capacity allows greater control of shipment of
building components and more efficient work scheduling of selfhelp participants and subcontractors (heating, plumbing, e tc.).

HOUSING DESIGN
Previous sociological findings in user needs and preferences
in housing provide us with sufficient evidence that numerous mal
functions do exist. While most people engage in the same daily
activities} the place in which they are performed varies consider
ably . There is also a relevant argument that while low vacancies
exist for low-income families, that in itself does not suggest that
housing being offered is satisfactory, but a choice that the user
must make from what is available to him. Clearly then new alter
natives must be made available that suggest spatial arrangements
more suited to a greater variety of life styles. The proposed
demonstration house is but one step in that direction. Recognizing
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that family structure and solidarity are influential factors in
planning the dwelling and that personal autonomy or the ability of
children and adults to clearly demark their domain are important
planning criteria, the demonstration house attempts to provide for
this type of family living. It is clearly indicated in the design that
the children’ s sleeping area and adjacent play space, their terri
tory, is located on the second floor of the dwelling, above the
adults’ territory the dining, kitchen, living and sleeping spaces.

S/ 'V

□

room

]

>edrpom open to living

L
play

second floor

first floor

I----

3
F i r 2. Site Erection Procedure

170

CONCLUSION
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SUSPENDED MODULAR COMPONENT SYSTEM

by
Lawrence C. Abell* and Conrad P. Heins, J r.**

INTRODUCTION
The Department of Housing and Urban Development Program,
“ Operation Breakthrough, ” is challenging governmental innovation
designed to stimulate the various segments of our society to ex
plore ways as to how technology may be applied to provide mass
produced housing (1 ,2 ,3 ,4 ,5 ,6 ,7 ). The objective of this program
is to supply a sufficient number of homes at a reasonable cost to
our rapidly growing population which will provide comfort, choice
and mobility while concurrently upgrading the quality and habita
bility to the disadvantaged segment of society (1 ,2 ,8 ,9 ,1 0 ).
The solutions to many of the foregoing problems either directly
or indirectly involve planning, design and construction on a massive
scale. Building technology, traditional planning criteria and codes,
construction practices and various other constraints such as labor
and financing have limited the building potential in the United States
in the past, since efforts have been segmented and uncoordinated.
The present trend toward Systemization is most necessary due to
limitations of funds and time. Systemization of the building process
must be accompanied by innovations in technology.
It is the purpose of this paper to present such innovations by
examining partial details of a study (11) which has resulted in a
structural building system which will decrease both the cost and
the time for construction by taking advantage of mass production
techniques. To this end, the Suspended Modular Component Sys
tem has been conceived following an extensive research of the
various requirements, current building system proposals, and
those areas of technology which have been neglected.
The Suspended Modular Component (SMC) System involves
suspension of prefabricated modules or floor systems from a
tower core and/or tower cores connected by cable to overhead
truss. Since the modules involve only their individual structural
integrity, they may be constructed of the material offering the
greatest economy. The SMC System provides for minimal on-site
construction and provides for more effective utilization of struc
tural components.

Modules may be constructed of the materials offering the greatest
economy: wood, concrete, steel, or plastic.
The method with which the study is devoted, SMCS I, is indi
cated in Figures 1 and 2. This method was selected since it was
considered to be the most economical approach. The modules are
lifted floor by floor by utilizing the tower core as a lifting crane,
supplemented, of course, by some additional lifting equipment
removable upon the completion of the project. Figure 3 indicates
the general approach which might be taken in the multiple tower
core system.

SUSPENDED MODULAR COMPONENT SYSTEM
The Suspended Modular Component System involves suspension
of modules or other types of floor systems from overhead trusses
supported by tower and/or several tower cores. The suspension
system offers particular appeal because of the potential efficiency
in the use of material and the possibility of minimizing and isolat
ing foundations by spanning large distances. Since all loads are
transferred to the supporting tower by tension members, there is
no need to increase member sizes to accommodate the reduction
in allowable stresses for buckling considerations. Steel, aluminum
or wire rope can therefore be used to their maximum advantage.
The drawing of steel into wire form increases the proportional
limit to stresses on the order of 160,000 psi and the breaking
stress to over 220,000 psi. The suspension system combined with
mass produced modules embraces tremendous cost saving pos
sibilities and saving in erection time. The SMC System lends
itself to varying degrees of prefabrication: the module, panel
systems, expandable utility cores and lift slab techniques.
The SMC System overcomes the inefficiency of the stacking or
dependent system since all modules are supported independently
of all other modules. (4) Since the modules involve only their
individual structural integrity, they may be constructed using
minimum materials. Therefore, each module may be constructed
identically, which is a prime requirement for systemization.
"‘Graduate Research Assistant, Department of Civil Engineering,
University of Maryland, College Park, Maryland.
"'"‘Associate Professor, Department of Civil Engineering, Univer
sity of Maryland, College Park, Maryland.

STRUCTURAL SYSTEMS
The selection of the various structural alternatives presented
in this section considers primarily structural performance and
considers the various other requirements only to the extent that
they are generally addressed. The proposed structures are sev
eral of many possible systems. It is the primary purpose of this
discourse to analyze the structural behavior of the various sys
tems under various loading conditions and to develop criteria by
which the suspended structure can be better evaluated.
1.

Single Core Tower

Suspension Span. The single core tower with cable supported
cantilevers for suspending modules is indicated in Figure 4. The
suspension system will be referred to as Structure 1, the tower
core shall be referred to as Structure 2.
2.

Four Core System

The structure presented in Figure 5 was devised to provide
for better modular coordination and increase the number of com173

STRUCTURE 3

ponents in the tower core which could be prefabricated and erected
at the site for possible savings in cost and erection time. The
truss shall be referred to as Structure 3 and the tower shall be
referred to as Structure 4. Some of the flexibility in floor plan
possibilities is lost with these structures; however, this arrange
ment should increase the ability of the structure to support hori
zontal loads.

ANALYSIS AND DESIGN PROCEDURES
The analysis and design procedures employed to evaluate the
performance of the tower core and truss supporting systems are
based upon standard elastic steel design criteria. The elastic
stiffness matrix technique was utilized to analyze the structural
systems. The American Institute of Steel Construction Specifica
tions have been used as a guideline for the design requirements.
Computer programs have been employed to develop data on the
performance of the structures under various service loads.

Fig. 3. Multiple Tower Cores - On Site Erection - SMCS II

STANDARD CRITERIA
1.

General

A primary goal of this study was to develop a standard design
and planning criteria in terms of suspended modular component
system structural requirements related to module dead weight
and the capacity of the system relative to people.
Attainment of this goal represents a significant step toward
systemization. The SMC System represents a structural system
which is simple, flexible and adaptable to a variety of manufac
turers’ modular products. The system represents an identifiable
method of overcoming technical constraints confining current
manufacturers to building systems of several stories in height.
The criterion presented in this section has necessarily been
limited to steel due to the range of considerations and variety of
structural systems considered. The use of concrete in the tower
structure should be developed to provide further flexibility in the
use of materials and construction methods. Other structural
configurations should be considered in order to provide further
information for optimizing the SMC System. Nonetheless, the
criteria provided herein demonstrate the technique that may be
employed to integrate the low cost single story module into an
efficient highrise structure.

Fig. 4. Single Core Tower Suspension Span Structure 1 & Structure 2
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2.

Planning Criteria

3.

Figures 6 and 7 represent charts for use in developing re
lationships between the capacity of Structures 1, 2 and 4 in terms
of people, module dead and live loads, number of stories, the
total weight of the structures, and the direct cost of the placing
of the steel frame. These charts provide valuable planning crite
ria in a convenient form such that project scopes can be quickly
determined based upon available funds, modular products avail
able, and the number of people to be provided.
The capacity in terms of people was developed by dividing
the number of square feet of floor area available by the average
of the floor area requirements per person for FHA one, two and
three bedroom apartments. The FHA requirements provide ap
proximately 320 square feet per person. This unit person require
ment could easily be revised, depending on the code dictating
these requirements.
The weight of the structures was developed from summation
of the member selections presented in detail elsewhere. (11) The
member selections are proportional to the total dead and live load
which can be supported relative to the number of stories involved.
The member selections presented were only for 20 psf, 60 psf,
100 psf and 200 psf modules. Accuracy of these charts could be
improved by additional designs for specific module dead loads.

Design Criteria

Charts for use in the selection of members for each structure
relative to the loads applied have also been developed. (11). These
design charts represent the member group section modulus re
quires to support various live and dead loads, with the exceptions
of the cable groups which are based upon cross-sectional areas.

CONCLUSIONS
Preliminary standard criteria have been developed through
computer programs for analysis and design. The stiffness matrix
method of structural analysis has been employed to analyze the
structural alternatives presented. The design of the structure is
based upon standard American Institute of Steel specifications.
The results of the investigation are presented in the form of
standard criteria which might be utilized in the planning of struc
tures employing the SMC System.
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SYSTEM DESIGN A ND LOW-COST BUILDING SYSTEMS IN DEVELOPING COUNTRIES

by
Dr. Ir. E. H. Mikho,* Dr. Ir. J. Delrue**

SCOPE

3.

The housing problem is one of the most difficult that the
governments of developing countries have to solve. It can be
solved only by means of “ large-scale” programmes capable of
dealing with manifold problems which exist, and which aim at
finding solutions for the benefit, not only of the few but of the great
masses of population who are living in deplorable conditions.
The great and main cause of the housing problems created
today in developing countries is the great change in demand for
housing facilities in general. (1) This is the result of two impor
tant factors: the increase and movement of population with its
splitting of patriarchal families and the rise in income. New
health conditions, allowing a greater increase of the population
than before, have not been followed by an increase of production
capacity of the people, who produce perhaps the same number of
houses of the same quality as before, while the needs are much
greater.
Even if we consider the country’s population “ stable” being
in the era of vast development, the change in its geographical
distribution is such that new great needs for houses have been
created in all urban and industrial centres of administration. The
change in social standards, is another important factor in addition
to these two basic problems, and of great influence on house
design concept. Thus we infer that these countries need much
greater numbers of houses in the urban centres for low-income
population as well as for people requiring a higher standard of
living.
RESEARCH
We need only to remind you that a great deal of research is
needed in order to tackle the housing problem in developing
countries. Because it is not enough to ascertain that the problems
exist, that so many families are without shelter or badly housed.
The problem is so great that even to draw up plans for houses
which are to be built is not enough. The problems that affect
directly the house design and provision are indeed many. The
type of house construction, building materials, climatic conditions,
topographical variations, the way of living and thinking, family
income, cultural environment, social structure, ethnic groups,
etc. all vary from one country to another, even they may vary
from one region to another within the same country. Therefore
the result of the research in one country may not hold good for
another, and applied research in local conditions for each country
is essential.
SYSTEM APPROACH
We have been involved recently in a research study on
“ housing problems in developing countries” (2) and the application
of “ System Design to low-cost Building Systems” in these
countries, with special reference to Iraq. We should like to give
a short brief of the design method and the two building systems we
developed within this framework.
We have observed that the “ large-scale governmental p ro
grammes” mentioned before, can only be carried out satisfactorily
on a fundamental basis of Building Systems applicable on a national
and/or regional base. This is because:
1. Individualism that exists in the house designs, in practice
today, is no more capable of dealing with the problem of
housing masses of people, and a more comprehensive “ System
Approach” is essential.
2. “ System Approach” is not confined or specific to any one
housing problem.
*B.Sc. Baghdad; Iraq
**University of Leuven, Department of Architecture - Belgium
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Systems require major commitments which merit sound re
search and development base.
The success of “ System Approach” does depend however on a
certain number of premises, realizing from the start that the
design of a building system is so different from that of an individual
house that the usual house design routines are not applicable.
Furthermore, a failure to recognize this can lead to some frus
trating - and costly - development experiences. (3)
The first premise is the establishment at the project stage of
the independence of STRUKTUUR and INBOUW. STRUKTUUR
includes everything pertaining to the building and which is likely to
combine a long functional life with a long technical life (the “ per
manent” part of the Building).
INBOUW includes all the parts of the building which must be
capable of rapid adaptation to a change in the use of the building
which may happen in a very short time (the “ adaptable” parts of
the building). The essential difference, therefore, between
STRUKTUUR and INBOUW is a difference in the anticipated length
of life of the different parts of the building.
The second group of premises are concerned with the inter
related “ Functional Levels” structured according to a fixed
hierarchy which can always be reduced to a typical tree structure.
This tree structure can generally be found in each building pro
gramme, where each level corresponds to a different level of
design decisions.
We should like to consider in more detail the concept of
“ Functional Levels” , and describe a technique of recording re
quirements. A terminology (4) has been worked out in order to
improve communications between all those who are concerned with
the project: e.g. architects, engineers, contractors, etc. The
complete building programme constitutes the whole “ Activity
System” . It can be analyzed into hierarchical functional levels
(fig. 1).
- ACTIVITY UNIT
e. g. Taking Bath
- ACTIVITY SET
e. g. Sleeping Room
- ACTIVITY SECTION
e. g. 4-persons House Unit
- ACTIVITY SYSTEM
- ACTIVITY SUB-SYSTEM
e. g. Housing Group
- ACTIVITY SYSTEM
e. g. Housing Block or
Complex
- ACTIVITY MACRO SYSTEM
e. g. Housing Estate
Sometimes the housing complex (Activity System) is only part
of a larger whole, as a housing estate. This constitutes the
Activity Macro-System.
Activity Unit: is an ergonomical basic activity, which can be
identified by the functional brief, e .g :
Washing Hands
Taking Bath
Sleeping/ Single
Any programme of requirements is subdivided into a certain
number of Activity Units which are the basic information for the
designer. Design information is obtained on each of these Activity
Units in the form of Activity Data Sheets. Usually this is of two
kinds:
- Information concerning the space and the components of equip
ment required, based upon anthropometries.
- Environmental information, concerning both physical and psy
chological requirements.
Activity Set: is a set of interconnected Activity Units, with at
least a mutual compatibility, which can stand or go together in
the same environmental climate, and stimulate each other. The
set of the following Activity Units constitutes an Activity Set:
2 X single bed area
2 X sitting / easy chair
2 X reading / upright chair.
It is possible to obtain a standard Activity Set Data She*et as
soon as available policies are agreed. Mostly an Activity Set

refers to a w ell-defined space or room . The Activity Set can be
translated into a “ Room Data Sheet” , provided that agreement is
reached on a modular system and other design criteria . But one
should remark that this is already a design activity.
Activity Section: is a set of Activity Sets, constituting a
recognizable functional whole, from which it is expected that it
will evolve homogeneously, e .g .
Living Area; Dining Area; Preparing Food Area;
Bath; W .C .; 2 Double Sleeping Area
constitute one Activity Section (4-persons house unit).
On this technique of recording requirem ents, a “ Data Bank”
can be set up on a national or regional basis which will provide
those who are concerned with a clea r and comprehensive state
ment of user requirem ents. Furtherm ore, this Data Bank as a
“ design document” can be adapted to respond to the change in the
program m es of requirem ents, which result from :
1. Activity Units which become ou t-of-date, which are dropped,
which disappear and which evolve.
2. Change in the pattern of relationship, the basis of the organi
zation, as a result of regrouping, additions, out cuts etc.
Modular Co-ordination is another important problem which
has been considered very thoroughly over the whole stage of
the design.
SYSTEM BUILDING
We will try to give a short summary of the two “ L ow -cost
Building System s” (2) built up system atically and developed with
in the framework of the above-mentioned p rem ises, namely:
1. Independence of the STRUKTUUR and INBOUW (the “ perm a
nent” and “ adaptable” parts of the building).
2. Functional L evels.
3. Modular Co-ordination.
In developing countries the m ost, or rather, the only common
method of recording requirements is directly a schedule of accom 
modation with maybe a list of furniture and equipment fo r each
room . But we realized that at this stage of the project the designer
needs a great deal more than a schedule of room s, and the most
difficult task is to provide him (the designer) with a c le a r state
ment of the requirem ents. Before he can design su ccessfu lly, he
needs design information about all the activities to be carried out
in the various spaces in the house and how these are interrelated.
Simply this was achieved by translating the “ Activity Units”
(Level 1, Figure 1) into standard “ Activity Data Sheets” . The
“ Activity Data Sheet” records the activities and gives the required
information before the schedule of accommodation which may
presuppose a design solution.

brief

The second step is to translate these activities to space r e 
quirements. The minimum required number of activities to con
stitute an “ Activity Set” (Level 2, Figure 1) are grouped to obtain
minimum Functional Area. Number, type and the way these
activities are arranged give the actual dimensions for the Func
tional Area. Different dimensions can be worked out with various
grouping, depending on the designer capabilities, to manipulate
these activities. An important point we should mention here, is
that the dimensions worked out should correspond to the fo re se e 
able change in the future pattern of activities.
We are on a level where the “ Activity Sets” can be translated
again into generic house designs (Level 3, Figure 1) which can be
designed with great flexibility on a modular system , in various
configurations, depending on the type of house units needed. On
this level all the functional units within the fram ework of the
house (room s, staircase, circulation space) are designed on a
modular system in order to coincide with the planning grid adapted
300 mm . Special considerations have been given to the staircases.
Modular spaces 900 X 2700 and 1800 X 2100mm are recommended
for straight flight and d og-leg stairs respectively. 2600mm is
recommended for the floor to floor height.
In this case tw o-storey compact house plans are designed.
The house units are based on a structural grid, 900mm, which
coincides with the planning grid 300mm, in order to have the
flexibility of upgrading the basic house unit to provide facilities
for a larger family by adding m ore structural grids (Figure 2).
COMPONENT BUILDING SYSTEM
The first building system developed is a COMPONENT
BUILDING SYSTEM. The philosophy behind this system is to set
up criteria against the whole background of the country and its
industrial capabilities. These are:
1. It should be possible to handle manually, by one hand, two
hands o r two men, all the components in the system .
2. It should be possible to prefabricate all the components on the
site by simple moulds without using expensive equipment. But
they can be produced mechanically in m asses, if required.
3. On the basis of self-h elp , it should be possible for the dwellers
to produce and/or obtain partially or completely all the c o m 
ponents.
4. Producing as few numbers of different components as possible
in order to reduce construction time and skills required.
5. Considering concrete as a principal structural material for
mass production. This is due to expense and difficulties of
obtaining other m aterials, e .g . timber or steel in the required
quantities. Concrete in most developing countries appears to

d e s ig n

produ ction

m od u la r dicipline

Fig. 1 Typical tree structure Building Programme analyzed into hierarchical Functional Levels, each level corresponding to a different level o f design decisions.
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Fig. 2. Two-storey house units, based on structural grid 900mm.
1st plan (7 structural grids) 3 bedrooms, 4 persons
2nd plan (8 structural grids) 3 bedrooms, 5 persons
3rd plan (9 structural grids) 3 bedrooms, 6 persons house unit.

be the best structural material. It has the required charac
teristics. It can be produced locally, is available almost
everywhere and is durable, flexible in use and provides scope
for various treatments.
The basic components of the system are:
1. CONCRETE BLOCK
2. FLOOR SYSTEM: JOISTS and FILLER BLOCK
3. STAIRCASE PANELS
1. Three main kinds of prefabricated concrete blocks are design
ed to meet all the requirements.
Concrete Block A: a hollow block made of no-fines concrete
used in bearing walls, of nominal size 600 X 200 X 200mm. Three
quarters and half blocks are produced from the basic mould. They
are self adjustable (Figure 3).
Concrete Block B: a solid block made of no-fines concrete,
used in non-bearing partitions. Nominal block size 600 X 200 X
100mm. Three quarters and half blocks can be produced.
Concrete Block C: a solid block made of dense concrete, used
in the outer leaf of the outside wall. A cavity is formed to permit
air movement between the inside bearing and the outside non
bearing leaves of the wall. Nominal block size 600 X 200 X 100mm,
half block can be produced.
2. The Roof system is very simple and easy to build. It is com 
posed of CONCRETE JOISTS of nominal size 150mm X 150mm
and FILLER BLOCKS to span between the joists. The struc
tural grid 900mm coincides with the planning grid 300mm and
governs the filler blocksize (Figure 4).
3. Simple moulds are designed to produce STAIR PANELS easily
and more than one panel at a time. To be easily handled by
two men the stair unit in both dog-leg and straight flight are
divided into six X 1500 panels ( Figure 5).
A synoptic table is given here to give a clear picture of the
system and gives information concerning: dimensions, position,
weight, material and sheet references (Figure 6).
SEGMENT BUILDING SYSTEM

where and when this facility is available. The SEGMENT BUILDING
SYSTEM is very simply designed and it is composed mainly of two
parts: WALL PANELS and ROOF SEGMENTS with of course STAIR
PANELS. These are designed to be roughly of the same range of
weright in order not to use different mechanical equipment capacity.
The different sizes of the WALL PANELS are precast and pro
duced from only one basic mould with adjustable side form s, which
are reduced to a minimum, to give the panel its last shape. The
number of the wall panel sizes are reduced to a minimum too.
(Figure 7).
Middle-, end-, and party ROOF SEGMENTS can be produced
from one basic roof mould, using side forms to obtain the last
form. Roof segments are curve-shaped designed, this is for many
reasons, briefly aesthetics, thermal insulation, cross ventilation,
etc. The outside ends of the segments can be opened or closed as the design requires (Figure 8).
In this system the STAIR PANEL is pre-cast as one unit using
special moulds to produce more than one at a time.
A synoptic table is given again to give a clear picture of this
system and give the required information on dimensions, position,
weight, material and sheet reference (Figure 9).
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Fig. 3 . Concrete B lock A . A hollow block used in bearing w alls, three quarters and half block are produced. It is a self adjustable Block (C .B .S .).

C. B. S.
FLOOR
JUNCTION - PARTY WALL
TYPE

F lo o r

LOCATION

First flo o r

CONDITION
CONT. DIM

1 Roof jo is t s- No. 1 3.2
2 Roof

b lo c k s .N o 1. 31

3 C em ent m o r ta r
U

T ile

5 P a rty w a ll

1 5.7

Fig. 4 . Isometric section showing the r o o f system . Filler block to span betw een concrete joists w hich coincide with 9 0 0 m m grid.
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Fig. S. Dog-leg stair within the modular space 2100 x 1800mm and 2600mm height. The stair unit is divided into six panels each 1500mm (C.B.S.).
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APPLICATION OF MODULAR CO-ORDINATION IN LOWER-COST HOUSING
by

Dr. P. Selvanayagam*

SYNOPSIS

process of addition and not subtraction. However, sometimes it
may be necessary to use 0.5M and 0.25M and this may be allowed
if 2n and 4n components are used respectively to cover a particular
length or portion of length thus getting multiples of basic module.
The basic module M is too small for component sizes. Therefore,
to simplify the method of construction, a few numbers of selected
component sizes are chosen and these are multiples of M.
The variation of sizes should be cut down to the minimum and
it is desirable to work with 2 or 3 different sizes of components of
the same kind, while at the same time giving the desired flexibility.
All modular dimensions of the components (viz. walls, slabs,
etc.) should be cut down by the joint thickness. Thus the com
ponent length plus the joint would give a modular dimension. In
this method no cutting is done at site, and every component occupies
a predetermined position as decided by architects and engineers.
It should be notes that, in order to satisfy the functional values
of a house and also to economise, certain areas could not be of
modular size. For example, the height between a sloping roof and
the top of a wall would vary and would not be of modular size. In
such a case a neutral zone which is not a multiple of the basic
module is introduced to tie up modulated components.

There is a world shortage of houses and the Governments are
doing their best to produce maximum number of housing units with
limited financial resources. To eliminate waste of materials and
labour, Modular co-ordination is used in the design of new houses.
All building components are placed at the respective positions
without undergoing any changes at the site. The thickness of the
smallest wall is chosen as the basic module M and is taken as 4
ins. (10 cm .), and all measurements are multiples of this basic
module. Chosen components of different sizes could be arranged
to have a flexibility of 1M.
The sizes of wall blocks are multiples of M, these sizes being
reduced by 3/8 in. to allow for joints. Suitable sizes for horizon
tal and vertical courses are discussed. The dimensions of doors,
windows and lintels to co-ordinate with these courses are consid
ered. Based on experiments elsewhere, ceiling heights are rec
ommended. Standardising of one dimension for all rooms and
arrangement of slab components for flexibility of 1M above a
critical number are considered.
The Author discusses the advantage in having Modular dimen
sions for slab, beams, clear span between beams, columns, floor
to floor and floor to ceiling.

BASIC MODULE
INTRODUCTION
In the past houses have been constructed by using building
components whose sizes vary extensively. For example, bricks,
hollow tile blocks, concrete blocks, etc. of different sizes have
been used in the construction of walls. The size of door frames
and window frames vary from place to place. This resulted in
cutting of wall blocks to fit in position at the site. As a result
irregular and bad joints have been formed. Roof sheeting and
ceiling have been cut at site. There have been cuts in almost
every building material used in house building. A wastage of
material and labour results in higher cost per unit area of floor
space.
There is a world shortage of houses and particularly in devel
oping countries. With the annual increase of population the position
is made worse. Various countries have been trying their best to
solve the housing problems on a national basis. However, the
financial resources in most of the countries is limited and every
effort is being made to lower the cost of new houses without in any
way curtailing the necessary amenities demanded by the modern
society. During the last decade, under the sponsorship of United
Nations building Section (1,2) modular co-ordination has been
increasingly used in certain countries in the design of lower-cost
houses and flats. The object is to eliminate wastes, cuts of
material and fittings and save loss of time. In this sytem all the
building components are placed at the respective positions without
undergoing any changes at the site. By this process, the cost of
material and labour is cut down, and with the saving thus achieved,
additional units of dwellings could be provided.
PRINCIPLE OF MODULAR CO-ORDINATION
A small unit of size is chosen as the basic module M and all
components and measurements in the house are related to this.
This basic module must be small enough to relate all components
and measurements to this unit and should be multiples of this
basic module. In general, all measurements are nM, where n is
a whole number. Sub-modules or portions of basic modules are
discouraged in measurements. Thus modular co-ordination is a
*B.Sc.Eng.(Lond.), Ph.D. (Lond.), D .I.C ., F .I.C .E ., F .I.
Struct.E., M.I.E.(Ceylon), C.Eng. Professor and Head,
Department of Civil Engineering, The University of the West
Indies.
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There will be no objection to a country choosing the unit of its
own basic module. However it has been internationally accepted
that 4 ins. (10 cm .) is a suitable unit for a basic module and all
measurements for the various building components and dimensions
of space should be multiples of this basic module. At present,
most of the countries are changing to Metric system and 10 cm.
is a suitable unit to be used as a basic module.

DIMENSIONS IN PLAN AND ELEVATION
All internal dimensions of rooms between surfaces of plastered
walls should be simple multiples of the basic module M. This
principle should apply to measurements.in plan and elevation for
bedrooms, living rooms, bathrooms, kitchen, corridors, etc and
thickness of walls. There would be no difficulty in planning all
cupboards so that all external dimensions are modulated.
WALLS
At present, ck ./ bricks, hollow tile blocks and concrete blocks
of different sizes are used. The horizontal lengths of blocks is
2M and 3M. 2M is too small except for bricks and the labour cost
goes up. The Author recommends the use of blocks of length 3M
and 4M, and by a combination of these blocks any dimension could
be accommodated, and a flexibility of 1M for all measurements
above 6M could be achieved. Section 9 gives a method for obtaining
the critical value 6M. In the case of vertical courses 1M, 2M, and
3M have been used at present. The Author recommends standard
ising the heights (vertical courses) to 2M. This has several ad
vantages when doors, windows, ceiling heights are co-ordinated
with wall heights. Obviously there are definite advantages in keep
ing the total wall height to multiples of 2M. In special circum
stances 1M height blocks may be used to tie up with the wall heights
if the wall height is not a multiple of 2M. The thickness of the
wall blocks should be either 1M or 2M. In some countries 1.5M
thickness b lc^ s are used. These should normally be discouraged.
If necessity
nds the use of such blocks these should be con
fined only ui external walls where these could be placed in such a
manner not to inte.iere with the modular co-ordination of the
various components in the building. All the above recommended
dimensions of blocks should be reduced by 3/8 in. to cover joints
and plastering.

DOORS AND WINDOWS
The modular group (3,4) has recommended that the external
width and the height of door frames should be 8M and 21M respec
tively. To accommodate this, horizontal courses of 2M and
vertical courses of 3M are to be used. In Section 5 it has been
pointed out by the Author that the adoption of 2M for vertical
courses has advantages, and in keeping with this, the Author
recommends a height of 20M for the door. The width of the door
frame could either be 8M or 9M depending on whether the door is
internal or external. Both these widths could be well accommodated
by the combined use of 3M and 4M long blocks.
To co-ordinate with the door height, the window height could
be either 12M or 20M. For the form er the sill height is 8M. The
width of window frames could either be 8M or 9M.

house. This means that the span could be made constant thereby
standardising the structural unit used for the roof.
The breadth of these units will depend on the type of crane
available at the site. In developing countries where labour is
cheap, breadth of these units could be restricted to a breadth of
3M to 6M. In developed countries and in other countries where
crane facilities are easily available larger breadths of the order
of 12M could be used. It is recommended that the breadths of
component sizes should be chosen in such a way that a flexibility
of 1M is obtained to accommodate all measurements. For ex
ample, if two unequal sizes of breadth pM and qM are chosen it
is possible to find out the critical number above which the flexi
bility of 1M could be obtained. The critical number is obtained
from the formula:
Critical number = (p-1) (q-1)

LINTELS

If sizes are 3M and 5M, the critical number = (3-1) (5-1) = 8.
This means that if breadths of 3M and 5M are combined a flexi
bility of 1M would be obtained for all measurements above 8M.
Similarly when 5M and 7M components are combined the critical
number =

In the case of small windows 1M lintel is used at present, and
in the case of wide windows 2M and 3M deep lintels are used. The
Author recommends that in all windows it is desirable to standard
ise the lintel size to 2M height to co-ordinate with vertical courses
of 2M, and the concrete mix could be adjusted accordingly.

(5-1) (7-1) = 24

HEIGHT OF CEILING
There is controversy as to what the ceiling height should be.
The ceiling height varies from 21M (7 ft.) to 36M (12 ft .). In
tropical countries like India, Ceylon, Malaysia, etc. there are
buildings with ceiling heights even up to 48M (16 ft .). The building
codes varied from country to country. In a Canadian report Stein
and Brass (5) have indicated that ceiling heights of 22M would be
sufficient. In Israel, research had been done to assess the degree
of comfort depending on the ceiling heights and it has been found
that the reduction of ceiling height to 22M does not materially af
fect the human comfort, but 25M and 26M are recommended. In
India (6) the Building Research Institute at Roorkee had taken tem
perature measurements on different experimental houses with
ceiling heights varying from 8 ft. to 12 ft. When the height was
increased from 24M to 27M the temperature in the room increased
by 3“ - 4° F . Further increase of height has not materially changed
the temperature. Based on this, 27M is recommended in India for
houses with ceiling fans, while lower values are allowed when ceil
ing fans are not used. It should be noted that, when ceiling heights
are reduced, window openings should be increased by as much as
20% to improve the ventilation. In many countries window openings
cost more than the cost of waU blocks to fill this space. It should
be recognised that in temperate countries there would be economy
ip heating of houses if the ceiling height is decreased to keep the
air volume low.
Having considered the views expressed in reports from vari
ous countries, the Author feels that the optimum ceiling height for
tropical countries should be different from the optimum ceiling
height in temperate countries. In tropical countries the Author
recommends a ceiling height of 26M - 27M where ceiling fans are
in use; when ceiling fans are not used the height may be cut down
to 24M. In temperate countries this height should be 23M - 24M.
ROOF COMPONENTS
The dimension of the roof components, sheets or slabs, should
be multiples of the basic module. As there are joints, the distance
between centre line of joints should be modulated. It will be eco
nomical to restrict the breadth of these components to one or two
different sizes, or at most to three sizes.
A study of the various plan measurements used in houses
would indicate that most of the measurements except for corridors
and bathrooms fall within the range 24M and 60M. The various
dimensions suitable for rooms in a house are discussed in detail
in a United Nations report (5) of 1970 and recommended dimen
sions are given therein, having taken into account furniture ar
rangement, etc. Very often one measurement in bedrooms,
sitting room, kitchen and corridor, bathroom and corridor would
be in the range 33M, 36M, 39M, 32M. If load bearing walls are
used it will be possible for the planner to have one of these mea
surements (33M, 36M, 39&I, 42M) common in every part of the
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If three consecutive sizes (p, p+ 1, p+ 2) are used the critical
numbers are:
(a) Critical number =

^

if p is odd

2

(b) Critical number =

if p is even.

Thus for 3, 4, 5 Critical number =

= 3

62
for 6, 7, 8 Critical number = — = 18
MULTISTOREYED FLATS AND FLOOR ARRANGEMENT
There is debate at international level as to whether floor to
floor or floor to ceiling should be modulated. There are great
advantages in having both these heights modulated. In a load
bearing wall construction the reinforcement in the slab would be
adjusted so that the thickness of the slab could be either 1M or
2M depending on the span.
In slab and beam construction, as the spans and the reinforce
ment used in the structural members are well within the control
of a designer, it would be possible to adjust the clear distance
between beams, thickness of slab, breadth and depth of beams to
multiples of basic modules. This leads to simplification of shut
tering and repeating units as many times as possible. Figure 1
gives convenient sizes for slabs and beams in such a construction.
This arrangement makes it easy to build the wall to the soffit of
slab, soffit of beams and also to ceiling level. Also the drainage
pipes could automatically be made modular.
The Author strongly feels that the sizes of columns could be
well within the modular dimensions. In a column the amount of
reinforcement used could vary from 0.8% to 8%. Therefore, by
adjusting the percentage of steel the cross-sectional size of the
column could be easily made modular. Figure 2 gives the possible
shapes and size for columns in multistoreyed flats.
EXPERIMENTAL MODULAR HOUSE IN TRINIDAD
Figure 3 gives an experimental modular house with a plinth
area of 600 ft^ (proposed for families of low income group) which
was designed by M r. Alvarro Ortega (United Nations) and the
Author (7) and constructed for the National Housing Authority in
Trinidad. The house is built of concrete foundation, concrete slab
floors, precast concrete wall blocks, aluminium roofs, timber
wall plates and beams. Doors, frames and cupboards are pre
fabricated in timber. Electricity, sanitary facilities, washbasins,
kitchen sinks, drainage and water supply mains are also provided.
The design of this house is simplified by the use of modular co
ordination. All the dimensions are multiples of the basic module
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(4 in .). The room is inclined in one direction and specially rolled
aluminium sheet span over 12 ft. The arrangement of the various
elements have been made easy and the details are laid out within a
rectangular shell so that the wall and the roof areas could be min
imised.

Fig. S. Modular House
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MODULAR HOUSES UNDER I.D .B . PROGRAMME
The proposed two bedroomed and three bedroomed houses
(2,000) to be built in the suburban areas for middle class families
under the International Development Bank Programme, have been
modified by Mr. Alvarro Ortega and the Author (7) to cut down the
costs. These are given in Figures 4 and 5, and Figure 4 clearly
demonstrates how 3M and 4M blocks are arranged.
Factory produced wall blocks, finished on one side, was used.
Thus, the outer face of the external walls do not require any plas
tering. Only colour washing is given. Two coats of lime cement
wash is found to be a sufficient alternative to the use of distemper
or oil emulsion.
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THE CONVERSION OF INTERNATIONAL CARGO CONTAINERS INTO LOWER COST HOUSING A SOCIALLY DESIGNED HOME
by
Ralph E. Williams*

INTRODUCTION

by truck, rail, and sea. The containers can be loaded from a
truck into the hold of a ship and stacked to a depth of 48 feet (six
units). Attrition eventually takes the containers and the shippers
require newer models. A problem facing container manufacturing
companies is what to do with the old, retired units. While still
quite structurally sound, the shippers prefer newer units. It was
these units the Social Engineering class decided to modify into
housing.

Engineering educators have long recognized the importance
of the humanities in the curriculum for engineering students.
Over the past twenty years, this recognition has been translated
into a set of requirements for electives, and accreditation of an
engineering curriculum in a University by the Engineering Council
for Professional Development and is based, in part, on a minimum
number of credits being taken in the humanities. At the University
of Denver for example, a minimum of 24 credit hours is required
in the humanities out of a total of 188 credit hours for an engineer
ing degree.
Although we live in a world today where almost everything we
touch, taste, smell, or breathe is affected to some extent by sci
ence and technology, a student in the humanities is not obliged to
learn very much about science and technology. Only fifteen credit
hours in science are required, and these may be taken in the
largely nonmathematical disciplines of biology, geography, or
geology.
Humanities students therefore graduate, by and large, with
little more knowledge of science and technology than they had at
the beginning of their college education. Engineering students
pick up a collection of unrelated beginning courses in the human
ities and social science, endure them to meet their curriculum
requirements, and graduate with very little appreciation for, or
understanding of, this part of their curriculum. Yet, both types
of students go out into a world which is just as dominated by hu
man beings and their interrelationships as it is by science and
technology.
In the practice of his profession, the engineer learns very
soon that everything he does professionally involves people, and
their interrelationships. The humanities student, on the other
hand, finds there is very little he can do without calling on the
help of science and technology. The educational problem facing
us is to give the engineering student a coherent education in the
humanities, and the humanities student an understanding and ap
preciation of the role of the engineer and technology in society.
An experimental step toward solving this educational problem
has been undertaken by the University of Denver by establishing a
course entitled “ Social Engineering. ” This is a project-oriented
one-year course in which a socio-technological problem of current
interest is chosen as the project, and a group of students and fac
ulty from engineering and arts and science address themselves to
defining the problem, gaining the deepest possible understanding
of both the sociological and technological components of it, and
work together to come up with a practical plan for its solution.
Last year’s project was the problem of providing adequate housing
for migrant farm workers, a subject of increasing national atten
tion. Starting from the broad base of migrant workers and their
needs in general, the focus was narrowed to migrant workers in
Colorado and the problem of providing proper housing for them.
The end result of this course was a complete detailed plan for
providing such housing, including sociological, technological,
financial and legal considerations. The implementation phase of
the course consisted of constructing a full-scale demonstration
house.

BASIC STRUCTURAL UNITS
The dry freight containers used by the class were two 35-foot
units and one 20-foot unit. Both types of containers are eight feet
wide and eight feet high (exterior dimensions).
Both units are built upon six-inch steel I-beams spaced at 18
inches and tied by a sole plate. Four vertical hollow steel beams
four inches by four inches are welded at each corner of the units
and are used for hoisting the containers in addition to providing
structural integrity. The 35-foot unit has a thin aluminum outer
skin fastened to aluminum studs spaced at 24 inches. The 20-foot
unit has its aluminum skin overlapped and riveted.
The 35-foot unit has an interior surface of one-eighth inch
plywood screwed to aluminum channels cross-braced to the ex
terior wall studs. The interior and exterior walls are separated
by four inches and filled with fiberglass insulation.
The 20-foot unit has a wooden floor bolted onto the I-beams.
The 35-foot unit has a thin aluminum skin fastened to the I-beams
and an aluminum corrugated floor affixed to this. The ceilings of
both units are similar to the walls. The 35-foot and 20-foot units
are shown in Figures 1 and 2, respectively.

UNIT DESIGN

CONTAINERIZATION
International cargo shippers such as Fruehauf, Matson, Sea
and Land, e tc ., utilize dry freight containers to transport goods
’"Assistant Professor of Environmental Engineering, University of
Denver, Denver, Colorado.
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The first academic quarter was spent in studying the life style
of the migrant worker, and how this life style would be reflected
in the design of a house. Working closely with the Colorado Mi
grant Council and the migrants themselves, the sociology students
determined living patterns, traffic patterns, cultural preferences,
family size and structure.
The data gained from the sociology team was relayed to an
engineering and design team to start preliminary floor plans.
Students from political science and economics initiated studies on
available land, costs, financing, and attitudes of growers and
local residents.
Guest lecturers and consultants were utilized from the areas
of social work, sociology, psychology, engineering, public health,
sanitation, architecture, contracting, unions (AFL-CIO), devel
opers, and city and county housing authorities. From the research
in this quarter, 15 floor plans were created.
Fifteen different configurations for a house utilizing the 20foot unit and two 35-foot units were obtained. The students did
not consider stacking the units to form a two-story dwelling. All
15 floor plans met the Denver Building Code, the Universal Build
ing Code, the Colorado Building Code, and the requirements for
the Farmers Home Administration. The plans were evaluated by
migrant agencies and finaUy the migrant families. Only one plan
was socially unacceptable to the migrant family. This plan had
the kitchen separated from the living room as essentially a pri
vacy area. This was totaUy rejected by the migrant families who
consider the kitchen as part of their communal area.
The plan selected by the families was a four-bedroom unit in
an H-configuration. Three bedrooms are in one 35-foot unit, the
master bedroom and livingroom/kitchen in the other. The 20-foot
unit contains the bath and part of the livingroom (Figure 3). This

terials, finishing materials, appliances, and accessories. Approx
imately $200 was spent in obtaining materials that could not be
acquired free.
Container Preparation
Prior to any construction, the units were thoroughly cleaned.
The exterior aluminum skin was wire-brushed with a dilute phos
phoric acid solution and primed. The steel exposed members
were chipped and primed with a metal primer. The roof was
coated with a heat reflecting paint. The interior was cleaned and
all holes patched and sanded.
Cutting
The door and window openings of the units were easily cut
with a circular saw. Adequate face protection must be maintained
to protect the worker from the fiberglass dust (Figure 4). Steel
members, such as sole plates, ladders, e tc., were cut with an
oxy-acetylene torch. Students were trained in all operations
(Figure 5). The existing double doors of all units were removed.
Fig. 1. Dry Freight Container (35-foot)

Fig. 2. Dry Freight Container (20-foot)

H---------------------------------------------- 5 5 '---------------------------------------------- -f

four-bedroom unit was preferred over an identical three-bedroom
unit because the families quite often travel with the grandparents
and prefer an extra room for them. Blueprints were made and
submitted to county authorities for a building permit. The students
prepared PERT charts (Program Evaluation and Review Technique)
and CPM charts (Critical Path Method) outlining the construction
sequences.

Fig. 4. Cutting Aluminum Walls

Flooring and Framing
A plywood floor was installed on top of the existing aluminum
skid floor in the 35 foot units. No additional flooring was required
for the 20-foot unit. Conventional framing was used for interior
walls and for the end walls of the cargo containers. To make the
floors the same height, the 20-foot unit was elevated 18 inches.

CONSTRUCTION TECHNIQUES
The third academic quarter, the students initiated construc
tion. A resource team of students contacted Denver supply houses,
both retail and wholesale, to obtain as donations construction ma
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Electrical
The three units comprising the house were wired separately
to permit final shipping of the house. Number 10 aluminum wire

was used for all 110 volt circuits. The wire entered the house
from the end and was channeled into the aluminum skid floor. For
outlets, switches, and fixtures, it was necessary to punch through
the wall and fish the wire vertically to the desired location. This
was necessary since it was considered not worthwhile to remove
all of the interior plywood walls to run the wire horizontally. A
single 220 volt circuit was installed in the kitchen area. Each
unit had its own separate 20 ampere circuit.

Fig. 5. Cutting Steel Members

Plumbing

Fig. 7. Bathroom

Although the house had two “ wet” areas, it was possible to
connect them through one wet wall (the wall between the kitchen
and bath). Since the 20-foot unit was elevated, water and sewer
lines come into this unit. Plastic pipe was used throughout.

COSTS
The total projected costs of the house were approximately
$3500. The following represents the student manhours spent on
the house.

Doors and Windows
Exterior doors were conventional. Interior doors were of
the cloth folding type. The windows were boxed in by plywood
inset in the space occupied by the insulation.

Cutting
Carpentry
Electrical
Plumbing
Window s/Doors
Finish
Misc.
Total

Finishing
The house was finished with paint, wallpaper, tile, carpeting,
and drapes. The units were joined, bolted together and provisions
made for sealing the units (Figures 6-9).
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67 hours
125
70
16
82
95
31
486 hours

It must be explained that some of these basics took as espe
cially long time because of the unavailability of power equipment
and the inexperience of the students.
Adding a 10 percent factor to the man-hours and using a $2.00
per hour labor base, the labor cost was almost $1100, Using the
wholesale price for all donated items, the cost of material and
accessories was about $1500. This cost includes stove, refriger
ator, cabinetry, fixtures, carpeting, and drapes. A $200.00 per
unit acquisition cost was assigned to each cargo container and
$150.00 allocated for shipment to the final site ($0.50/mile/unit).
Approximately $150.00 was reserved for final power and water
hookup on the site. The $3500.00 does not include the cost of the
site nor the site preparation.

EVALUATION
The house has been donated to a Model Cities site for evalua
tion. It is planned that a follow-up will be made on the house at
six month intervals to determine if it truly meets the social needs
of the occupants.

Fig. 8. Living Room/Kitchen

CONCLUSION
It certainly appears, at this time, that housing constructed
from dry freight containers can serve as lower-cost housing for
both urban and rural areas. It is felt that the $3500 cost repre
sents a maximum that could easily be reduced by more efficient
construction techniques. The problem of shipping costs could be
alleviated, in part, by shipping goods in the containers to some
local organization; the housing industry could then acquire the
containers from these organizations. This type of housing inno
vation can solve a critical housing need internationally as well as
in the United States.
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Fig. 9. Overall View of House

192

THE SEARS ECO-SYSTEM HOME
by
Jack R. Warner* and G. Day Ding**

THE SPAGHETTI OF SYSTEMS
The U .S ., like the U.K. seems to be made up of many
“ Yankee inventors99. A recent directory of manufactured homes
lists over 2,000 manufacturers in the U.S. Each of these more
than likely obtains materials for his product from many sources,
overlooking the vade mecum of building materials and many other
products—the Sears, Roebuck and Company general catalog!
ENTER THE SINGLE SOURCE SUPPLIER
Since the Sears catalog serves as a basic cost reference for
many American families, it was decided that it could also serve
as a source for all the materials—more than likely at a reason
able cost—necessary to create a home living environment. As a
design problem in building system, the task was set to develop a
very low cost home living environment exclusively from a late
edition, standard Sears Catalog. The first effort brought forth
four proposals. One proposed system was a rather standard box
on a boat trailer. This was rejected as too prosaic, in light of the
chosen ay stem. Another proposed the use of a few thousand hair
dryer hoods to construct an igloo-like structure. This was re 
jected, after much further brainstorming about what to do with the
left over heating mechanism, etc. A third solution was to contin
ually freeze large ice-chunks in two or three freezers. This too
was rejected because of the large inventory of icepicks needed,
problems when the freezers break down, etc.
The fourth solution fit between the ridiculous and sublime of
the other three. It proposed that a skeletal structural system be
developed in modules consisting of modified children’ s A-frame
swing sets. These would be sheathed with plywood and aluminum
panels to create the basic enclosure. Figure 1 shows the com 
pleted structure.
Initial conjecture that the swing set frames would not be
adequate for commonly accepted building loads proved false. A

preliminary analysis using the STRUDL program found the system
adequate both in strength and stiffness.
THE ECO-SYSTEM PLAN
The standard unit with 338 square feet features all the normal
conveniences of the typical suburban home, including kitchen
facilities, toilet with shower, power system, carpeted floors.
This is all achieved for less than $2,450.00 and the economy unit
which has the same amenities but scaled down in convenience and
dependence on electro-mechanical support costs less than
$1,050.00. The deluxe version includes even a color t.v . among
other convenient luxuries, and costs less than $3,850.00.
Three plan variations were developed around the service
module. These are shown in Figures 2a & 2b. One departure,
for the sake of low cost and in keeping with the minimum living
level acceptable under vacation or emergency situations, is the
ladder access to the second floor. Because the plan dimensions
are tight as much living space is achieved as possible by limiting
the furnishings. For example, the second floor furnishings would
normally consist of sleeping bags over rugs or sheets and blankets
over the rugs.

Fig. 1. The Completed Sews Eco-System Home

* President, Warner Consultants and Adjunct Professor of
Environmental Systems, Virginia Polytechnic Institute and State
University.
♦♦Professor of Architecture and Chairman of Environmental
Systems, Virginia Polytechnic Institute and State University.

Fig. 2*. Plans o f Standard Model
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The furnishing packages assumed in the above cost figures
are made up as follows:
1. Economy Model - Sleeping Bags 2@ 19.99
# 6B70046
Table #6B72525L
Chairs 4 @ 3 .1 9
# 6B72522C
Lamps (Propane) - 1
# 6KB72415
2.

3.

Fig.

2b. Optional Standard Model

COST ANALYSIS AND FURNISHING PACKAGES
1.

2.

3.

Costs for the three plan variations are as given below:
Economy Model - Structure
$ 836.50
Service Module
$ 111.47
Mechanical-Electrical Energy System
None
Assembly Kit
5.84
$
Sub-Total Cost
$ 953.81
Cost/Sq. Ft.
2.82
$
Furnishings
73.69
$
TOTAL COST
$1,,027.50
Standard Model -

Deluxe Model -

Structure
Service Module
Mechanical-Electrical Energy System
Assembly Kit
Sub-Total Cost
Cost/Sq. Ft.
Furnishings
TOTAL COST
Structure
Service Module
Mechanical -Elec trical Energy System
Assembly Kit
Sub-Total Cost
Cost/Sq. Ft.
Furnishings
TOTAL COST

$
$

Standard Model -

Deluxe Model -

Indoor-Outdoor Carpet
270 Sq. Ft.
(2) Hide-A-Tables
# 96B9706C
Dining Table #6B62517N
Chairs-4 @ 3 .1 9 ea.
# 6B72522C
Lamps-2 @ 12.99
«1B30003
Sleeping Bags-2 @
$31.00 # 6B70028L
Sofa #1B48207NH
T . V . , Radio, Clock
# 57B5030N
TOTAL COST
Indoor-Outdoor Carpet
270 Sq. Ft.
H ide-A -Tables 2 @ 3 .4 7
#96B9706C
Dining Table #1B2511N4
Beds & M attresses
2 @66.95 # 1B77855N2
P illow s, Sheets,
P illow cases, Blankets
# 96B5029, #97B6654,
2@ 2.57
4@ 2.27
# 97B6655, #96B8350H
1.57
2@ 6.97
Lamps 2 @ 1 2 .9 9
# 21B30003
Vacuum Cleaner
# 20B2040L
Color Television
# 57B4188N
T .V . Antenna
*7B7972N
Sofa SQB53181NPH
AM-FM Stereo Set
#57B7421L
TOTAL COST

$
$

39.98
8.97

$

12.76

$
$

11.98
73.69

$

86.40

$
$

6.94
22.47

$

12.76

$

25.98

$
$

62.00
97.00

$
$

137.95
451.50

$

86.40

$
$

6.94
187.85

$

133.90

$

29.73

$

25.98

$

37.95

$

419.95

$
$

59.95
279.00

$ 193.95
$1 ,461.60

THE STRUCTURAL SYSTEM
All the components necessary to complete a clean and decent
environment are included in the structural system. Figure 3
shows the partial structural skeleton of the Eco-system home
(namely, the combination of A-frame swing sets) while Figure 4
shows two sections of the erected skeleton complete with closing
elements. A list of all the components that make up the structural
package is given below—even the erection tools are included!

836.50
680.31

$ 479.90
5.84
$
$1,,993.55
5.89
$
$ 451.50
$2,,445.05

Structural Frame: (4) Physical Fitness Climbers
6 @ $33.00 ea. #79A72132N
$132.00
Steel Tubular Piping - 1 1 /4 ” O.D. 126 Lin. Ft. @ $.26/ft.
#42A10045N
$ 32.76

$ 836.50
$1,,044.69

Joint Connectors - Crosses, Elbows, “ T ’s ” , “ Y’s ” , W /“ U”
Bolts (30) @ $1.00 ea
$ 30.00

$ 470.90
5.84
$
$2,,357.93
6.97
$
$1,,461.60
$3,,819.53

Steel Tension Cable - 40 Lin. Ft. @ $ .3 0 /F t.
# 28B1145
$ 12.00
Foundation: (8) Tripod-Jacks @ $13.00/set of 4
# 28KB4940C
$ 26.00
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Fig. 3. Partial Structural Skeleton Showing Basic Combination o f Swing-Sets

Swing Set Anchors - (8) @ $4.44/set of 4
#49A70525
$ 8.88

Construction Assembly Kit (1) 4 PC. Screwdriver
Set @ $3.89, (1) Pair P liers @ $1.95

Polyethylene Vapor Barrier - 135 Sq. Ft. @ .0125/Sq. Ft.
#32A42008C
$ 2.00

THE SERVICE MODULE

Floor System - 1 /2 ” to 5 /8 ” Plywood - 270 Sq. Ft. @ $.15/Sq. Ft.
#64KY8601N, #64KY8604N
$ 40.55

The kitchen and bathroom form one plan unit that varies only
in the complexities of the mechanical elem ents. Figure 5 illu s
trates the standard module and its elem ents. This module requires
electricity, piped in w ater, and a sewer connection to function.
A minimum portable serv ice module requires no external
hook-up. It does rely on the timely labor of the occupants to carry
out the waste, bring in water to refill the sink unit, replace the
propane bottles fo r the stove, and bring ice for the refrigerator.
This module will consist of the following elements:
Portable Toilet - Polypropylene Plastic Container W /Stainless Steel Handle.
# 28K49178L
$ 29.99

Batt Insulation - 800 Sq. Ft. @ $.12/Sq. Ft. (In Fiberglass)
#64B9470C
$ 96.00
Structural Skin - Exterior Aluminum Panels 459 Sq. Ft. @$.29/
Sq. Ft. #13KF22702N
$133.11
1 /2 ” to 5 /8 ” Plywood - 450 Sq. Ft. @ $.15/Sq. Ft.
#64KY8604N
$ 67.50
1 /4 ” Interior Finished Plywood (Painted) - 800 Sq. Ft.
@ $ . 155/Sq. Ft.
$120.00
Aluminum Frame Exterior Doors - (2) @ $29.95 ea.
#64B2300NF
$ 59.90

Portable Lavatory - 5 Gallon Fresh Water Self Contained Sink
and Storage Tank W /Carrying Handle.
#6KB71434
$ 12.77

Aluminum Frame Windows - (4) @ $18.95 ea.
(24” x 36” ) #64B35102N
$7 5 .8 0

Propane Stove - 2 Burner Stove with Folding Wind Baffle.
# 6K72301
$ 13.97

Mechanical-Energy System:
Portable 3,000 Watt Generator
#32B32043

Refutable Propane Cylinder - 8 LB. Capacity, Steel (Propane
Not Included).
#6A72424
$ 22.77

$300.00

Electrical Wiring and Fixtures. Jack Outlets
Etc.
$ 65.00

Ice Chest - 72 Qt. W /Front Opening Door and In-Door Storage
# 6K71415L
$ 31.97

Ventilator Fans - (2) @ $32.95 (With Light & Heater)
#42B6362C
$ 65.90

TOTAL

Miscellaneous System Fittings, Plates, Etc.
$ 40.00
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$111.47
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Fig. S. Standard Service Module and Elements

A deluxe service module will require the following elements:
Deluxe Toilet - Sears Best One Piece Vitreous China W/Low
Silhouette Tank.
#42K49425N
$ 94.95
Toilet Seat
#42K3731

$ 10.95

Paper Holder
#42K39406

$

Piping and Fittings

Deluxe Water-Waster-Water Filtration System - Returns
Unpolluted Water Back Into the Environment.
$107.89
TOTAL
$1,044.69
Since the Eco-System home is likely to be used in the wilds of
America or under emergency situations, a waste treatment plant
can be provided with the unit for slightly more than $100.00. The
components and hookup are shown in Figure 6.

7.99

Shower - Fiberglass Shower Enel. W/Grab Bar.
#I2K6912N3
$149.95
Plastic Shower Door
#42K6843N

ERECTION DETAILS
Since no prototype has been erected, the practicality of the
Eco-System home remains to be proven. However, the system
has been designed in detail as illustrated in Figures 7 through 10.

$ 21.50

Mixing Valve, Shower Arm & Slower Head
#42K2168
$ 14.95

CONCLUSIONS

Kitchen Unit - Stove, Refrigerator and Sink in One Compact
Unit.
#46A90532N
$349.95

The Sears Eco-System Home presented in this paper represents
an "open-system " within the Sears "closed-system " of manu
factured products. With refinements of the basic concepts illus
trated a workable "catalog-house" could become a reality.

Cabinets - Walnut Tone Oak Fronts and Frames
18" Cab. # F65K3836
$ 36.50
24" Cab. #F65K3839N
$ 46.00

DESIGN TEAM

Hot Water Heater - 10 Gallon Capacity.
#42K32102N
$ 37.95

The design concepts presented in this paper were developed by
a team of students of architecture under the supervision of the
authors; team members were Arminio, Bradley, Cushwa, Martin,
McNair, Shultz and Strickland.

Water Storage Tank - 21 Gallon Capacity.
#42K2945N
$ 49.95
Water Pump - 20-40 PSI.
#42K2575L

$ 51.21

$ 64.95
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6. Waste Treatment System

Fig.

Fig. 7. Details o f Structural Joints (Reference Fig. 4 )

197

8 . Further Assem bly Details
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9 . Further Assembly Details

Fig. 10. Further Assem bly Details
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STRUCTURAL M ATERIALS AND TESTINGS FOR LOW COST HOUSING
by
Leon Ru-Liang Wang, Sc.D., P.E.*

INTRODUCTION
In the literatures on low-cost housing problems related to
urban renewal developments, much work on industrialized hous
ing projects with modular constructions has been reported. There
are however, only limited discussions on the development of new
materials, research and/or research techniques for low-cost
housing.
To fill up this gap, this paper reports and discusses some
relatively new materials and testing methods that may be applica
ble to low-cost housing projects for their economical aspects.

STRUCTURAL MATERIALS
The conventional materials used in construction industries
such as metals, reinforced or prestressed concrete, woods, or
even clays are well known to us and thus will not be repeated.
However, many newly developed composite materials that may
have potential use for the low-cost housing projects are worthy
to consider. Specifically, this paper reports and discusses three
types of composite materials that the writer is familiar or asso
ciated with.

strength of plain and fibrous concrete. They did not look into the
basic mechanism of fiber concrete.
In a very recent report, Shab and Rangan (10) at the Massa
chusetts Institute of Technology studied the micro-ijiechanical
properties of fiber reinforced concrete. It was observed that
significant reinforcing effect was derived after the cracks are
initiated in the matrix. The post cracking resistance of fibers
was considerably influenced by their lengths, orientation, and
fiber stress-strain characteristics.
At Rensselaer Polytechnic Institute, under the direction of
the writer, Abbud-Klink (11) has done a thesis investigation on
research of randomly oriented fiber glass reinforced concrete
named FICRETE. The glass fibers were impregnated with epoxy
resin for protecting the glass against alkali action. The mech
anical properties and stress-strain relationship of FICRETE
were determined for different glass to concrete ratio. Direct
tension, compression, bending, bond and creep behavior were
investigated. Tests included cylinders, bars, beams, and plates.
Experimental data revealed that both tensile, compressive
(flexural) strengths increased linearly with the amount of glass
fiber contained. Figure 1, shows that with glass content to 0.6%
we could achieve tensile strength of fiber reinforced concrete
approximately to half of the compressive strength.

Fiber Reinforced Concrete
By definition, fiber reinforced concrete is to mix some kind
of fibers into the plastic-like material in order to achieve flexural
(tensile) capacity of the material. Without specific details this
material would have the following obvious advantages:
1. The labor cost would be reduced because the placing of
reinforcements has been eliminated.
2. The thickness of thin slab or shell structures could be
further decreased because there will be no need in pro
viding reinforcement protection.
3. New possibility for prefabricated elements.
4. Increasing fatigue life of structures.
5. Realization of water proofs.
6. Greater fire resistance.
7. Time saving in design and construction.
Historically, the idea of randomly mixing fibers of some kind
with plastic-like materials is not new. However, systematic and
intensive research in the area has not been generated until re
cently. In 1963, Romualdi and Batson (1,2) were first to report
the investigation of crack arrest mechanism by testing concrete
with very closely spaced reinforcements. Working independently,
Goldfein (3) investigated the impact and shatter resistance of portland cement mixed with various plastic fibers. He indicated that
aU fibers investigated increased the impact strength of cement.
In 1964 Romualdi and Mandel (4), reported the tensile strength
capacity of concrete reinforced with short steel wires. In gen
eral, these investigations reported the tensile strength of concrete
increased with increasing content and with decreasing spacing of
reinforcements.
More informatively, Williamson (5,6,7) reported many test
results of flexural strength and shock resistance of concrete
through the use of various size and lengths of chopped steel wires,
glass fibers, and nylon under both static and dynamic tests. It
indicated that ultimate flexural strength could be increased 1.5
times (with nylon) to 2.5 times (with steel wire) that of plain con
crete.
Later Birkimer and Hosseley (8) in 196 8 and Birkimer (9) in
1969, reported further findings on static, dynamic and fracture

Fig. I. Failure Strength o f Fiber Reinforced Concrete vs. Glass Content

Material with Unconstrained Damped Layers
Earthquake has been a major problem in designing high-rise
or low-rise buildings, including low-cost apartment houses. Al
though no engineer can design a structure which is absolutely safe
against an unexpected large earthquake, losses and damages would
be reduced if aU structures were designed with proper damping
capacity so that excessive deformation would be reduced or damped
out when large ground motion or dynamic force is applied. For

♦Associate Professor of Structures, Rensselaer Polytechnic
Institute, Troy, New York 12180.
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many many years, the controlling of vibrations response of struc
tures has been a great concern to engineers.
To isolate mechanical vibrations to structures, methods such
as machinery balancing (12) and anti-vibrations mounting (13) have
been employed. In recent years constrained and unconstrained
viscoelastic layers to beams and plates have been studied.
At Rensselaer Polytechnic Institute, a project (14) has been
established to investigate experimentally the damping behavior
of cantilever beams for different materials coated with different
thickness of unconstrained viscoelastic layers.
The vibration was generated either by an initial displacement
(free vibration test) or by a vibration exciter (force vibration test).
Strains on the beams were measured continuously with time by
Sanborn Recorder. The damping characteristics, expressed in
terms of logarithmic decrement and the natural frequency, are
compared for different materials and for different thickness of
viscoelastic coatings.
As expected, the addition of the viscoelastic layers increased
the damping behavior of the beams. In one instance, we obtained
a critical damping of an aluminum beam with coatings on both
sides. It was also observed that the logarithmic decrement for
the beams coated on one side is much higher than the beams coated
on two sides having the same thickness ratio. Also, the properties
and the geometry of the structure had a considerable effect on the
amount of damping.
Although it is still a long way to design structure with com 
plete control of damping capacity, it is observed that for building
low-cost housing near earthquake zones, structural members
coated with some viscoelastic materials may develop very favor
able damping capacity to reduce the possibility of damage due to
vibrations.

However, plastic models cannot be used for ultimate strength
study. For ultimate strength problems, one has to use very sim
ilar to identical prototype material. At the present time, one will
find that microconcrete (21) or mortar may represent concrete
characteristics; bronze or brass may be used to simulate steel
structures.
Depending on the type of problem studied, a model project in
general requires only simple equipment and nominal material
cost. The following are a few sample projects:
Stress Analysis of Wind Bracing in a Three Story Frame (22)
The project was to investigate the effectiveness of various
types of wind bracing on the control of horizontal deflections of
multi-story frames by physical models. A three foot plastic
model of a three story frame was constructed and tested. The
model was built to be dimensionally similar to a typical frame
with 1/10 scale. Both strain gages and dial gages at each level
were instrumented.
The types of wind bracings studied are shown in Figure 2.
A total of eighteen different types of wind bracings were investi
gated for horizontal forces and support settlements.
Results were analyzed and compared. Details can be found
in the student’s report. In conclusion, it was found that it is
important and economical to brace the lower level(s) other than
the higher level(s) of the frame. It is noted that this type of in
vestigation would be highly cost-effective.

Sandwich Materials
There are many investigations (15,16) on sandwich construc
tions . Sandwich material is suitable for low-cost housing projects
because the material is relatively inexpensive, rigid, durable,
and lightweight. At Rensselaer Polytechnic Institute, Phang (17)
has done an investigation on sandwich material with concrete skins
and honey cone core. The study showed that this material is
structurally and economically feasible.

STRUCTURAL TESTINGS
It is well known that the experimental approach has obvious
advantages over the mathematical methods in problems wherein
the structural behavior is not understood. However, large scale
or prototype experiments are very costly to perform. Small
scale model experiments would be extremely advantageous in
reducing cost and time to produce sufficient data.
In structural engineering, the problems that are not well
understood can be grouped into three distinct types, namely:
A. Eleastic equilibrium or stress distribution problems.
B. Stability or buckling problems.
C. Ultimate strength problems.
Plastic models (18,19,20) seem to be very suitable to study
equilibrium and buckling problems, because at low stress level,
the stress-strain behavior of plastics is practically the same as
(linearly elastic) those of prototype materials. Some other ad
vantages of plastic models are summarized as follows:
(1) Plastics have low modula. Thus, structural plastic
models can undergo elastically large deformation for
favorable measurements. In turn, the loading mech
anism is simplified.
(2) Plastic models are recoverable after buckling without
changing basic properties of the material. Thus, all
structural plastic models can be repeatedly tested to
increase reliability of the experiments.
(3) Plastic models can be easily constructed by forming or
joining process to arbitrary or complex shapes of shell
structures.
(4) The material is readily available.
(5) The cost is low.

13

14

Fig. 2. Study o f the Effectiveness o f Wind Bracings

Buckling Tests of SheU Structures
In view of the advantages of small scale model analysis, the
investigations (20) of edge effect on the buckling of spherical shells
has been carried out by plastic models (Figure 3). A total of eight
different edge restraint and two external force disturbance con
ditions were tested. The shells were formed by vacuum forming
machines and the pressure was applied with vacuum. The results
from this study indicated that the buckling load is sensitive to edge
conditions. Again, the project cost was nominal.
Another example (23) was the testing of hyperbolic paraboloids
with hanging weights.
Four plastic hyperbolic paraboloids of the warped parallelo
gram type were joined on edge beams to form a root model, 18 x
200

CONCLUSIONS
In studying low-cost housing projects, the reduction of cost
for analysis and design is important. The structural model test
ing and the newly developed materials that may be applicable to
low-cost housing projects are summarized and briefly discussed.
For further information, the readers are encouraged to inspect
the original papers.
One may note that the applications of these newly developed
materials such as fiber reinforced concrete and small scale
structural plastic model testing techniques would not only reduce
the cost of the project, but also provide an architectural flexibility
to design thin plate or shell structures for low-cost housing.
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PROBLEMS ENCOUNTERED IN THE MANUFACTURE OF M ONOLITHIC CONCRETE MODULAR HOUSES
by
W. D. Tiner, P.E.

INTRODUCTION
Mankind has been attempting to build low cost concrete houses
for many years. In 1907 Thomas Alva Edison announced a “ new
method of building dwellings of small cost. ” (1) Edison said:
“ There is nothing particularly novel about my plan: it amounts to
the same thing as making a very complicated casting in iron,
except that the medium is not so fluid. Someone was bound to do
it, and I thought that I might as well be the man, that’s all. ” (1)
Edison’s announcement stirred up quite a controversy.
Over the next fourteen years more systems were proposed for
the building of concrete houses. In 1921 H. A. Mount claimed
that Simon Lake, of torpedo boat fame, “ has found and removed
the flaws in Edison’s plan. ’ ’ (2) He, along with Robert C. Lafferty,
a New York architect, developed an elaborate modular system that
is very similar in many respects to that presently being used by
H. B. Zachry Company of San Antonio, Texas. Lake’s house
module was “ 12 1/2 x 28 feet. ” (2) Zachry’s module varies in
length from 28 to 37 feet and is 13 feet wide.
Lake’s plan as stated was “ . . . instead of building the house
on the lot, necessitating a vast amount of labor for putting up and
tearing down expensive form s, he will build monolithic concrete
units from standardized forms in well-equipped factories, and
deliver the finished house, ready for occupancy, to the lot! ” (2)
This is exactly what H.B. Zachry Company is proposing and has
very nearly succeeded in doing economically.
There is nothing new under the sun, including presumably the
problems of building concrete houses, since to date none of these
systems have proved very successful. H.B. Zachry’s system has
an excellent chance for success since the problems inherent in
concrete have been recognized and either solved or circumvented.
The remainder of this paper will be devoted to a discussion of
these problems and will enumerate several possible solutions to
each. Since much of what Zachry has done to solve these problems
is proprietary in nature, the solutions will be discussed only in
general terms of the approach rather than in specific detail.

PROBLEMS INHERENT IN THE USE OF CONCRETE IN HOUSES
Insulation
One of the most troublesome problems in the use of concrete
in houses has been the relatively high thermal conductivity, k,
of concrete. This heat transmission capacity causes the interior
surfaces of exterior concrete walls to be cold in the late fall,
winter, and early spring. When this occurs simultaneously with
high humidity condensation takes place.
If the interior temperature of the house is in the range of from
50 degrees F to 90 degrees F, or that range which best supports
the growth of molds, then these growths will appear on the walls.
This is an untenable situation for the occupant.
The high thermal conductivity of concrete also creates an
economic problem for the occupant, since the heat loss in winter
and heat gain in summer is high and causes the expense of heating
and cooling to be high. In fact, in order to comply with the Federal
Housing Authority’ s (FHA) Minimum Property Standards (MPS),
using standard concrete, the thickness of concrete walls required
is such as to overcome any economy to be gained by its use and is
several times thicker than strength alone would dictate.
One solution to this problem is the reduction of concrete’s k
factor. Many attempts have been made to accomplish this through
the use of such devices as air entrainment, foam, light weight
structural aggregates, composite walls (insulation sandwiched in
concrete), insulation applied to either the interior or exterior
surfaces of the exterior walls, insulating aggregates and various
combinations of these.
In order to comply with the FHA MPS as it applies to heat
gain and loss, the maximum U factor (BTU gain or loss per hour
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per square foot of wall per degree Fahrenheit difference between
inside and outside air) is 0.2. In order to achieve this with a five
inch wall the maximum k factor allowable is approximately 1.2.
Both air entrainment and foam must be applied to such a
degree that both the strength and surface hardness are affected if
a k=1.2 is to be obtained.
Generally, in order to get a k factor of 1.2, a mix must be
designed which will weigh less than 50 pounds per cubic foot (pcf)
with a strength of less than 1000 pounds per square inch (psi).
The surface of such a wall will be very soft and subject to damage
from even the slightest impact and some means must be found to
minimize this defect.
If the system involves the use of modules, such as H.B.
Zachry’s, these strengths will not be sufficient to allow handling
and transportation without the use of extreme care and expensive
transportation devices.
The use of lightweight structural aggregates such as expanded
shale will not, in general, give concrete a low enough k to provide
an economical wall by itself. In order to reduce the heat trans
mission to a satisfactory level, the walls are generally too thick
to be economical.
One solution to this thermal conductivity problem has been
developed in the composite or sandwich wall.
One approach to the use of the composite wall has been in the
development of sandwich panels which are precast in a precast
plant and erected on the site. This generally involves the pouring
of a concrete surface on one or both sides of a sheet of insulation.
The insulation is generally polystyrene or urethane of a closed
cell type so that it does not absorb water from the concrete. These
panels provide a feasible solution to residential construction, but
they present the difficult problems of the field connection of the
panels and maintaining undamaged any pre-finish which might be
applied in the plant.
Another solution to this problem using the composite wall is
the Zachry system, which is a poured monolithic wall and roof
system wherein the insulation is inserted in the wall along with the
reinforcing steel prior to the pouring of the concrete. Again, a
closed cell urethane or styrofoam insulation is used so that water
absorption is eliminated.
This sytem, too, has some major drawbacks. In order to
minimize materials and weight, the wall thickness is held to five
inches. With the insulation, reinforcing steel, electrical conduit
and blockouts for windows and doors in the wall, it is necessary
to use a very high slump concrete so that it will communicate
around these required inserts.
This necessitates a mix which has more water than would be
required for the concrete process itself. Therefore, in order to
maintain the proper water-cement ratio, cement must be added
and this adds cost.
In this system a lightweight expanded shale aggregate is used
along with silica sand, an air entraining agent, and a workability
agent. The net weight of this wall is 95 pounds per cubic foot.
The results from this wall have been very good insofar as heat
transmission is concerned. The economics insofar as materials
are concerned is good, but other problems of labor and temperature
cracking still need work before the wall can be considered an
unqualified success.
The application of insulating panels to the exterior or interior
of the concrete walls is also a possible solution to the thermal
conductivity problem. This is a good solution since concrete walls,
in order to be attractive, must have a texture applied and insulation
can be bought today which has a paper cover and can be taped,
floated and textured like gypsum board. However, since this
insulation is less dense than gypsum, the wall is not as durable as
a gypsum board wall. The labor cost of applying the insulation to
the surface is probably no greater than installing it in the forms of
the composite wall and probably offers some flexibility in wall
textures that concrete, by itself, cannot.

A solution to the heat transfer problem which offers consider
able promise is the use of an insulating aggregate, providing one
can be found that will provide sufficient strength while reducing
weight at an economical cost. Various forms of volcanic materials
have been used as insulating aggregates for years in roofing
systems. These materials can provide good insulation, but
generally, not the strength. They also have the problem of high
water absorption.
All of these solutions will reduce the thermal conductivity of
concrete, but they each affect the solutions of other problems.
Obviously a solution that reduces strength beyond certain limits is
not satisfactory by itself unless something else is done to provide
this strength. No system that neglects to solve the problem of
thermal conductivity is going to be acceptable.

during the summer months without steam curing. During the
winter months steam curing is necessary for from 3 to 4 hours
after about a 3 hour pre-set. Generally, this mix will yield a
strength of 3500 psi or more at 7 days and a dry weight of 95
pounds per cubic foot.
Obviously, the heavier the module, the more strength required.
Since thermal conductivity, strength, and transportation costs all
vary directly with the density or weight, weight reduction is de
sirable to a point where the strength is just sufficient so that the
module can be handled without cracking.
Although Zachry’s system has not evolved to the point where
the factors of weight, strength, and thermal conductivity are
optimized, these factors are being aggressively tested and pre
liminary evaluations indicate that they can be.

Shrinkage

Flexibility of Design

One of the most difficult problems presented by concrete
houses is the problem of shrinkage cracks. Since this is one of
the most researched problems associated with concrete, anything
said here would be superfluous, except that it is a problem and
will not be completely eliminated in any modular house that is
monolithically cast.
One thing that contributes to shrinkage cracks in the modules
is the complicated shape of the module which is further complicated
by the necessity of leaving voids in the wall for windows and doors.
As already stated, concrete poured in these thin walls must have a
high slump which requires excess water and cement. Both of
these tend to increase the occurrence of shrinkage cracks.
Since cracks in the walls are not acceptable by an occupant,
it is necessary that this problem be solved or circumvented. One
solution is to cover the interior of walls with an elastic material
which will stretch as the concrete cracks.
One such material is vinyl wall covering. This material, in
addition to covering up the problem, also adds accent walls to the
house and can give a degree of design flexibility.
Other materials which may work are any of the nylon base
paints which will stretch and bridge cracks up to 1/16” . These
materials have not been tested sufficiently at this time to assure
a 100% workable end product. Further testing is underway and
the possibility of such a solution looks good.

Because of the fact that concrete must be formed and forming
costs are considerable, the forms must be designed to get maxi
mum usage in order to be economical. In a panel system, where
various panels can be put together to create different types and
sizes of structures, the forming systems are neither complicated
nor expensive. This type system can be very flexible and as such
offers the architect much freedom in design. With this freedom
he can create individual houses for the occupant and this will con
tribute to the marketability of the houses.
In the forming systems required for monolithic modules, this
flexibility of design is minimum if it exists at all. This is so
because of the impracticability of building a large number of forms
in order to achieve flexibility, or because of the expense of manu
facture and high labor costs relative to the operation of a universal
type form that can produce many different plans.
If a manufacturer decides to produce monolithic modules of
concrete he must be content with three or four different floor
plans with perhaps four variations of the front elevation of each.
These front facades can be varied by changing the front trim of
the house.
The more times that a given operation is performed, the less
labor it takes to perform it. This means that, in order to achieve
the lowest cost, all the houses should be exactly alike. Since
this leads to stereotyped subdivisions some variation is desirable.
Based on economics, the monolithic house with its lack of flexi
bility is not too bad after all, since it tends to fulfill the repetitive
ness required for economy while allowing just enough variation to
prohibit monotony.
The Zachry system is capable of producing two, three, and
four bedroom homes with either one or one and one-half baths.
These plans can be reversed to achieve either north or south front
houses. With this system Zachry could produce 12 different plans
with four different facades each. This was accomplished by the
use of four sets of form s, each of which could produce a module
of either 28 feet or 37 feet in length.
While this does not give Zachry an infinite choice in plans, it
does give a sufficiency of variation so that their subdivisions have
personality and individuality.
The question then is how much flexibility is desirable in a
system for producing low cost houses? Probably only the potential
owner in the marketplace has the answer. Based on the experience
of the past relative to row houses in the Eastern United States, it
would seem that complete flexibility is not a necessity and could,
in fact, be bad.

Weight and Strength
One of the major disadvantages of concrete has been the weight
of material required to achieve adequate strength. This is
especially true if concrete is used in roof sections where the
concrete must support loads in tension, and in systems such as
Zachry's where the module must withstand considerable handling.
The heavier the module the more difficult the handling and trans
portation becomes.
Up to a point strength can be maintained while reducing the
weight of concrete. However, weight reductions achieved at a
constant strength are not sufficient to contribute significantly to
either the handling problem or the heat transmission problem.
In order to make an important contribution to the weight
problem air entrainment, foam, insulating aggregates, or some
esoteric structural shape is required. When significant reduc
tions in weight are achieved by decreasing the density of concrete,
the strength is reduced and the durability of the surface of the walls
is decreased. In the case of horizontal concrete sections such as
the roof, the much lower modulus of elasticity of the low density
concretes practically prohibits their use, unless some very good
moments of inertia can be achieved by the development of deep
cross beams, waffle type slab arrangements, or the addition of
reinforcing steel.
In the Zachry system, it is necessary for the modules to be
removed from the forms as soon as possible, in 6 to 8 hours after
pouring, so that the forms may be re-used. This means that a
high early strength must be achieved so that the module can be
moved without damage. This strength must be on the order of
1800 psi at 8 hours. Using high early strength cement (Type ID)
and 1 /4 ” and smaller expanded shale lightweight aggregate with
5% air entrainment, this strength can be obtained in this period
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PROBLEMS INHERENT IN THE MODULAR CONCEPT AND ITS
MANUFACTURE
Forming
The single most difficult problem encountered in the mass
production of modular concrete homes is the development of the
forming system for casting this very complicated monolithic shape.
The forming system developed by Zachry in conjunction with
the Advanced Construction Equipment Company, a division of
Symons Forms, Incorporated, worked fairly well with perhaps a
few significant exceptions.

To begin with, the initial premise upon which Zachry based
their design called for all of the exterior, and nearly all of the
interior, walls to be cast in concrete. This appeared to be a log
ical criterion since the pouring time required for the house with
the interior walls and without the interior walls appeared to be
about the same, and the materials cost for the interior walls was,
for practical purposes equal, whether they be made from concrete
or some form of dry wall. The estimated labor for setting the
additional forms and installing the mesh was less than it would be
to install the dry wall.
The latter turned out to be in error, and was perhaps due to
the design of the forms rather than the original premise. The
difficulty arose from the labor required to set the forms. With
the two interior walls in each 37 foot long module, there were
twelve interior corners to be formed. The original form design
called for a hinged corner which could be locked in place. The
alignment of the interior wall forms with the base and roof soffit
and the setting of these corners was very tedious and timeconsuming. Several modifications were made to these corners,
but since the wall form was not tied by a hinge or other locating
device to the soffit at the bottom of the wall, aligning the corners
became a difficult task. The fit between the corners and the walls,
even when taped, tended to allow the concrete to pocket. This in
turn caused extreme difficulty in the removal of the forms after
the concrete had set.
Later in the production run, the interior concrete walls were
eliminated in order to minimize this problem. The net effect of
this was to reduce the number of interior corners from twelve to
four. This produced a module of less cost in the casting area,
but increased the cost in the finishing area since these walls had
to be replaced by drywall.
This, however, produced some positive advantages, since
first, it reduced the overall labor cost without significantly in
creasing materials costs. Second, by removing these fixed con
crete walls an extra degree of freedom of design was attained,
since these replacement walls could be located in different places.
Another aspect of the forming system that causes problems
is the fact that all materials used in forming concrete are elastic,
and under load they are going to deform. No matter how strong
the forms are made, some deformation will take place. This is
especially so if the forms must be vibrated in order for the con
crete to fill all of the voids. Built-in tolerances must be designed
into the form or the completed modules will not fit together properly.
In the pouring of the module some external vibration will be
required in order to get even extremely high slump concretes to
communicate properly. This vibration will be deleterious to the
form itself even if it is of steel construction. Strengthening the
form is not always the answer to this damage since the stronger
the form the more vibration energy must be applied to get the
desired effect on the concrete. A balance must be reached in the
form design to minimize its deformation under load and allow a
moderate amount of vibration without requiring frequent form
repair. Even with this balance, assuming it can be achieved,
the form s will have to be repaired from time to time.
In designing the forms, consideration should be given to
making their operation as automatic as is economically possible.
Based on estimates of converting Zachry's forms to fully automatic,
the additional cost would probably be about one third the original
cost of the forms. This is not excessive, since the steel form's
original high cost means that a large number of houses must be
produced by their use in order to amortize them. The additional
cost of automation then would probably be paid for by labor savings
to be achieved by the automation in this large number of houses.
Whether the forms are completely automated or not, serious
consideration should be given to making all strippable parts of the
form self aligning and self locking, since in a form that is this
complicated, the labor required to align the various parts and lock
them in place can get to be a sizable percentage of the total labor
required in casting.

They are then redundant. Also, when modules are set side by side,
one of the two walls of the adjoining boxes is unnecessary to the
function of the house and is, therefore, redundant.
While several systems have been developed which have
effectively eliminated redundancy in the concrete modular concept,
these are in direct opposition to the factory built concept of Simon
Lake, since considerable “ on-site" finishing must be accomplished
in each. In order to have a true modular factory built home one
needs a box or a sealable six-sided object. If more than one of
these modules is required to make a house, then some redundancy
is necessary.
Is this necessarily bad? Depending on the design, the redun
dant wall’s depth can be reduced to one half of a normal wall so it
forms a composite wall when put together with the wall of the other
module. This in effect reduces the waste material and allows the
module to be finished in the factory. This also reduces the weight
of the module, which is an advantage.
This cannot always be accomplished due to structural consid
erations. Where the redundancy is required structurally, such as
in a highrise building, the labor saving of modular manufacture
will offset the costs of the additional materials required.
This trade off of material for labor could well work to the
long run advantage of the modular systems, provided the efficiency
of factory labor continues to increase with wages while the efficien
cy of construction workers remains fixed while wages increase.
Transportation
One problem inherent to all modular systems is transportation.
Obviously, the factory manufactured unit must be delivered to the
construction site. This fact imposes serious restraints on the
designer, for in order to transport anything over the railroads,
highways and streets it must comply with height, width, length
and weight limitations imposed by the various governing authorities.
The restraint that causes the most difficulties to the designer
are the width restrictions. Most states today limit the width of a
load over their highways to twelve feet. With the walls taking from
five to ten inches, this limits the width of a modular room to some
thing slightly over eleven feet. This is anything but a mammoth
room and especially limits living rooms. Some states have mod
ified their width regulations to allow fourteen foot widths and,
although this helps, it does not give enough width for spacious
rooms. Most railroads have clearance problems if the load width
is over eleven feet. If the manufacturer feels he will want to ship
by rail then this restraint will govern. If the module is strong
enough in the horizontal axis, it can be rotated 90 degrees and
shipped on its side. Most railroads could handle a module so
rotated provided the height of module and car combined does not
exceed 20 feet.
A disadvantage to shipping modules on their side is the addi
tional stresses that the module is subjected to in the rotation
process. When the loading is rotated ninety degrees then the
stresses are rotated, and the designer must take this into con
sideration. Most concrete modules such as Zachry's are stronger
in the horizontal axis and can be rotated with little or no problem,
since they form a deeper box girder when rotated than before.
This is not true for such nonconcrete modules as those of U.S.
Steel or Sterling Homex.
One serious problem encountered by Zachry was that of
placing the module on the lots. At first they used a system that
was similar to moving heavy machines such as steam turbines.
This was too slow, so Zachry changed his system to a 100 ton
motor crane and was able to set twelve modules per day. This
seems like a costly method since the rental of such a unit is high.
However, in a well planned operation this cost can be held within
reasonable limits so that the cost of transporting and placing a
house can be held below $250.00 each.
Because of the foregoing, the designer must use all of the
ingenuity he has to design a livable house and stay within the
dimensional limits imposed by transportation and placing problems.

Redundancy

GOVERNMENT CONTROLS

When modules are stacked, the floor of one box or the ceilingroof of the one below is not necessary to the function of the building.

The designers of industrialized housing systems have com
plained that the codes and restrictions regulating housing have
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ducts would be encouraged to search for and perfect more e c o 
nomical materials for construction.

placed them under undue restraints. While code variations
between locales do cause design problem s, most of the codes can
be complied with economically if one is designing for only one
area where the codes are uniform .
It is not the codes that are bad. It is the code variations
between locales that are bad. Quite a few state legislatures have
recognized this and have developed uniform industrialized housing
codes within their states. As would be expected, these codes have
been developed by these states independently and they are not uni
form between the states that have them. It would seem appropriate
for the federal government to establish a national uniform building
code for industrialized housing in order to solve this problem .
With such a national code, manufacturers would be able to market
their houses nationally without costly variations.
To accomplish the complete job of improving the econom ics of
house building, these codes should be written on the basis of per
formance specifications, rather than on the basis of materials
specifications. This would allow the use of new materials as they
are developed without the necessity of changing the codes if the
materials meet the performance standards. D esigners would have
m ore latitude in the use of m aterials, and manufacturers of p ro

CONCLUSIONS
Concrete modular houses have many problem s. These p ro
blems are all solvable, but none of them is easy to solve. The
advantages of durability, long life and economy far outweigh the
problems and make the problems worth solving.
Research is now underway in nearly all areas of concrete
housing trying to make better, more econom ical houses for the
U.S. A, Perhaps the dream s of Edison and Lake will come true,
even though it has taken three quarters of a century to unravel all
the negatives that have beset this concept.
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"IN D U S TR IA LIZ E D HOUSING: A GOAL!"
by
Nitin N. Shah*

INTRODUCTION
Industrialized Housing is the only solution to an international
problem of shortage of Housing o f all the developed nations as well
as developing nations. The overall integration of Subsystems and
Components into an overall system or process' with total use of
Industrialized production, assembly, transportation and Erection
techniques may be defined as Industrialized Housing. Manufactured
Housing and Factory-Built Housing im ply the same meaning as
Industrialized Housing.
The housing Industry in the United States is gradually moving
away from on-site construction and is entering factory-built con
struction and a new methodology is evolving. Factory-Built Hous
ing consists of Modular or P re-fabricated components manufac
tures. Modules is Modular construction. The generally accepted
definition for modular is three dim ensional, self-contained, code
complying Building Blocks or Sectional Homes. A Modular house
is manufactured. However, a manufactured house is not always
a modular. Sub-categories include single family modular units
and the stack or m ulti-fam ily units.
Mobile homes are also manufactured housing. M obileModular units are units which are built to be code complying in
every way, except that the chassis on which they travel is an in
tegral structural part of the flo or. The advantage of the m obile
Modulars is that they can be permanent code-com plying housing.
But, by leaving the wheels attached to the chassis, they also can
qualify as highway vehicles and therefore be taxed as chattel
rather than real property.
A ll the possible successful advances made in construction are
based on the principle of doing as much preparatory and assem bly
work as possible in a w ell planned factory, where lesser-sk illed
workers apply themselves in repetitive fashion under better work
ing conditions and at lower wage rates. In the future, manufactur
ing plants w ill consist more of modular and panelized components.
Another division o f the manufactured housing industry is the p refabbed or panelized structure. This is what home m anufacturers,
builder fabricators, dealers and wholesaler fabricators have been
building for yea rs. The units are built in two dim ensions, rather
than three - i . e . , w alls, interior partitions, roof trusses, floors
e tc. They are manufactured in the true sense of the w ord, al
though the factory out of which they com e may be an operation
facility next to a builder’s subdivision.
There are die core and panel units. These are units in which
die mechanical installations are made in a three dimensional
module. This module is then combined with manufactured panels
to form the finished house.
This then is manufactured housing. Not just modular units,
but any housing which is substantially structurally manufactured.
NEED OF INDUSTRIALIZATION
By definition, industrialization consists o f taking a process
(be it building houses or stoves), breaking it down into its many
facets, ■and then placing these tasks in a logical and system atic
order, aiding and abetting with machinery where possible, so that
the end product is produced in the m ost efficient and least expen
sive manner. T o satisfy HUD’s national mission o f providing
twenty six m illion housing units in the seventies, we must use
industrialization in housing. We need to generate the volume in
housing.
Same builders and manufacturers build factory-built modules
but they do not becom e industrialized in their thinking. Instead of
production line moving past men, the men move past the production

line. Let us understand the principles behind the construction in
side the plant. We will get nowhere if we build the houses conventionally inside the plant. Industrialization in many minds has
becom e synonymous with factory production. This is logical, for
only within the discipline of a factory can industrialization reach
its fuUest potential for both increased production and lower cost.
We need automation built in with industrialized housing tech
niques. Automation + flexibility = fast growth. Why Industrializa
tion? Save moneyl Often money saving is not the prime reason.
Many site builders can compete very well with Industrialized build
ers even with today’s increased wage rates.
The component or modular package offers much more than
dollar saving. It replaces the need for skilled craftsmen who may
not exist in many areas, provides architectural quality not available
in many markets, provides a single source fo r all of the related
m aterials which may not be available locally and lowers the com 
pletion time drasticaUy, reducing interest costs and improving the
turnover o f the builder’ s capital.
T o my belief, if a stick-builder is sm art, he would save him
self some headaches by buying modules from a manufacturer at
competitive prices and be a developer. A lso the construction loan
will be for shorter period as the faster delivery of the units can be
achieved either for builder or individuals, higher quality and in the
long rim a lower cost.
The market is substantial nationwide. E ffective demand varies
greatly in individual markets and from year to year. Make your
own forecast and try to convert it for mass production. According
to Henry Ford, “ The term mass production is used to describe
the modern method by which great quantities of a single standard
ized commodity are m anufactured.. .M ass production is not m erely
quantity production.. . nor is it m erely machine operation. Mass
production is the focusing upon a manufacturing project of power,
accuracy, economy, system , continuity and speed. The inter
pretation of these principles, through studies of operation and
machine development and their coordination is the conspicuous
task of management. And the normal result is a productive or
ganization that delivers in quantities a useful commodity of stan
dard m aterial, workmanship, and design at a minimum cost. ”
Other fields have been industrialized for generations. Many
are now approaching the stage we call automation. What then is
so exceptional about building?
Certainly, the production of buildings is one of the most com 
plex and difficult of all operations. To assem ble the money, land,
labor, materials and equipment necessary to the production of
even a sm all house is a p rocess which is proportionately m ore
involved than that of building an ocean lin er. Hundreds of separate
item s made by different manufacturers and distributed through
various channels must be individually assem bled from a host of
dealers. The talents of a whole hierarchy o f skilled trades and
professions must be dovetailed. A network o f building and zoning
ordinances — often contradictory, and alm ost always obsolete —
has to be negotiated, as do a ll the legal processes involving trans
fer o f land titles, financing, e tc. As a result of this archaic sys
tem o f production, building prices are high, quality generally low ,
and output inadequate.
From the point of view of technology, it seem s clear that con
struction can be better adapted in factories, not.only to the social
conditions of our day, but also to modern means of production:
factories, tools, research, organization.
SYSTEMS DESIGN, CODES AND THE ARCHITECT
Despite the problem s o f econom ics, p olitics, labor and
esthetics, the technology of assem bly-line home building is
emerging very rapidly. There are quite a few building systems
represented nationwide. Out o f twenty-two system s selected by
HUD’s Operation Breakthrough, nine system s use wood fram ing,

♦Production and Safety Engineer, DUKOR MODULAR SYSTEMS,
IN C., G ilroy, C alif. 95020.
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eight use precast concrete, two use wood and steel, one uses
steel framing, one uses fiber-reinforced resin and filler struc
tural panels and one uses foamed plastic core structural panels.
The selection of the materials for the building system should be
made and designed having factory-built construction, Transpor
tation and Erection in the back of the mind while cost should be
watched constantly. The emphasis is on price, not technology.
Systems most likely to succeed generally fall into two cat
egories: Wood or steel-framed modules, manufactured like post
graduate mobile homes, transported with or without flatbed trucks,
then stacked and connected on site, and precast concrete systems—
usually prefinished walls and floors or complete modules—made
in remote or on-site plants.
Effective and efficient systems for the floor, roof and walls
will solve the major problems of cost. Slowly, piece by piece
the puzzle of modular production technology is being solved.
The use of “ Single Construction” instead of double construc
tion sheathing plus siding or brick will begin to come back. The
use of studding 24" o . c . , single top plates, single framing around
openings and 2x3 studs all will become increasingly interesting as
the industry searches for ways to hold down costs.
European systems have lots of experience to offer to American
Manufacturers. Europe today is littered with costly experiments
and mistakes in industrialized housing. Only a handful of credible,
economically viable systems are available out of all these efforts.
The Panelization system is the major contribution to the construc
tion industry out of Europe. Systems are highly standardized.
The United Kingdom is the most flexible. The reason for
flexibility in the United Kingdom is that the prime concern is en
vironmental. This demands a flexibility far beyond what may be
required of industrialization even in the United States.
Any manufacturer operates under at least one, probably two
of the three regional codes:
1. International conference of Building officials (ICBO)
2. Building officials and code Administrators (BOCA)
3. Southern Building code congress (SBCC)
4. F.H .A.
5. State Codes
6. Innumerable local codes or local variations of regional
codes.
One of the many barriers facing the manufacturer of mass
produced housing today is local building codes, a series of stan
dards and specifications designed to establish minimum safeguards
in the construction of buildings, and to protect those persons who
live and work in them from fire and other hazards. Sometimes
the codes are non-uniform among localities, including those with
in the same geographic and climatic areas. These codes do not
take into account new developments in construction techniques and
building materials, and also these codes are enforced by personnel
who do not have the training necessary to keep up-to-date with
technological innovations in the field .
The distribution of mass-produced housing therefore depends
in large part on the existence of a well administered modern build
ing code, based on performance standards, and without unreason
able restrictions on new building materials.
All the states in the country should enact “ Factory-built hous
ing codes” based on the climatic areas. “ National Model Code”
standards should be established based on state codes, and all the
building inspectors should come out of the state at national level.
All other codes should be abolished which aid in prohibiting the
distribution of mass-produced housing. At present there is so
much excessive cost because you have to meet all different codes
which varies from $1.00 to $3.00 per square foot.
Design plays a very important part in the Modular Housing
field. Architects have to understand the methods and limitations
of the factory production process to effectively employ the ad
vantages of industrialized building. In many cases when Archi
tects have set out to design a project to be factory built, the
result has been a higher cost than conventional. This happens as
the design asks the manufacturer to completely revise the pro
duction process to make something foreign to his everyday pro
duction. Compare the cost the Factory-built way and conventionally
for any project. Also the Design staff should work very close with
Marketing group and always consult with Production before finaliz
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ing the design. Periodic restudy of buildings produced will pro
vide a refreshing “ New Look” to the product. The outside archi
tect on a consulting basis can make an invaluable contribution to
the architectural quality of the production. In short, develop a
feeling for the practicalities of production, site assembly and
sales. “ Standardization” of materials and components among
various designs is the name of the game in Industrialized Housing.
PRODUCT, MARKETING AND FINANCING
The need for a shelter is common to all human beings irre
spective of their origin, culture or geographic location. Cultural,
environmental or economic factors, however may cause shelters
to be different in form . The Shelter Industry will grow and it will
be a challenge for Architects and Engineers to accommodate the
components of the shelter industry into other similar or different
types of construction.
A house is a life-time investment for lower and middle class
people. Manufacturer and customer both should be proud of the
“ Home” . The cheaper quality of product reflects an image of
the company and it hurts the business in the long run. One happy
customer brings several more customers.
All building construction during its life span must provide
adequate:
1. Safety through its structural strength & stability.
2. Protection from corrosion, decay, insects, and other
destructive agents.
3. Resistance to weather, seismic forces and fire.
4. Durability and economy of maintenance.
5. Quality workmanship.
6. Architectural aesthetics.
7. Competitive initial cost.
8. Sales warranty.
If we meet all above eight fundamental goals, marketing be
comes easier. Industrialized Housing industries will suffer a lot
if they have excessive overhead. Overhead should be minimized
by building a saleable product efficiently at a competitive price
so sales and marketing do not become a problem. The Marketing
Group contributes a great deal towards the success of any manu
facturer . They will make a forecast and a master schedule of
what to build and for how long. They also will find out about the
buyer’s attitude and requirements and make product design changes
by working very closely with Design staff. If any manufacturer
has any problem with saleability of the product, check out Mar
keting and Design staff. If the produced housing has a bad quality
control, draw the attention of the manufacturing staff. But, do
not bend down too much with buyers as “ American Public” de
mands too much and in my belief they are responsible for the
delays in Industrialized Housing and the added extra cost of a
house. The ultimate buyer really does not care whether the house
is factory built or not. They like an appealing house with lots of
space and options at cheapest price. Let us think as a buyer and
not advertise how fast and how many houses can we build per day.
Manufactured housing is a rough road to hoe. There are
several ways to operate. If anyone in Industrialized Housing
would like to get rich, be your own General Contractor and Land
Developer. But, a firm must realize that there is a major in
vestment required. Get the projects lined up at least six months
ahead of production so there is not much inventory in your yard.
When you have an inventory, you have to have the type of program
where you have a franchise set up into which you could put your
inventory. If you do have an inventory it must be financed under
a line of credit.
Lending Institutions are afraid to step forward. Some of
them are uneducated in Factory-Built Housing and some compare
it with cheap Mobile Homes. Now, some Modular manufacturers
have created a bad image about their product and over the total
Modular Industry in order to make few lousy bucks, but in general
the Factory-Built homes are rather well built, sturdy and quality
controlled. Factory-built Home Manufacturers install lots of
extra materials to resist highway shocks and three dimensional
space moments during transportation and erection. My point is
that why lending institutions do not realize this at all. They would
finance anyone’s house even if it does not have as good sales ap

alized Housing and equally variable shapes and sizes of manufac
turing plants prevent the modular industry from standardizing a
layout. The layout varies considerably, except where the plant
and production facilities have been specially designed for the
manufacture of modular homes.
Plant-production should be efficient in order to make a profit.
With minimum overhead the plant management should have efficient
departments and get familiar with quality control, Production and
Inventory control, Plant engineering, Industrial engineering, shop
drawings, estimating and Bill of materials, Assembly line tech
niques, Material Handling, etc.
Plant management should have previous experience of manag
ing a manufacturing plant. It is also vitally important that they
know about construction.
Most manufacturers seem never to have heard of Industrial
Engineers. Industrial Engineers are trained to take a desired
end product and then devise the best means of producing it in a
factory. They know the best way to move and handle things along
a production line. They know all about the standard cost and can
save substantial cost to the manufacturers.
Do all the planning and set-up of policies, departments, as
sembly and sub-assembly areas, equipment and tools etc. before
moving into the plant. The proper master layout of the factory
should be made because it is costly to layout again after produc
tion starts. Do not have any conventionally trained construction
foreman, Architects or sales manager do the plant layout.
Also do not over-equip the plant. Before buying any equip
ment consider all factors: Under cost, Total cost, Down pay
ment, Monthly payment, Companion Equipment required, Income
tax, percent interest, lease payments, Depreciation, Labor sav
ings, men eliminated, cost/month, cost/year, Fringe Savings,
new skills required, Materials Savings - how and how much,
special fasteners, waste factor, plant space, Heat, maintenance
..........etc.
There are still many problems holding back the spread of
manufactured housing but they are primarily problems of accep
tance rather than technological barriers. How can a plant help?
By producing in the plant under $9.00 per square foot with the
best quality.
Purchasing, production and Inventory control and quality
control are the three major Departments which should function
properly in order to have the rest of the plant operate without
major problems and obtain the perfect end product. Modules
should be all finished and weather protected before they leave the
plant. Never take out any module unfinished in the yard because
it costs you three times more to finish. Keep the assembly line
moving and try to balance the stations. Provide necessary tools,
equipment and materials at the station and remember, anything
you put on the floor, someone has to pick up. If possible use the
semi-automatic system to move the assembly line. Always have
sub-assembly production 2 or 3 days ahead of main assembly.
Modules should be weather protected with the kind of materi
als that you can afford to throw away and remove in the field in
minimum time. It costs substantially to waste time in the field.
In the plant, make your work repetitious for your employees
as much as possible. Bring work to them and do not send them
to work. Find out the efficiency and waste factor of each depart
ment and also maintain a daily progress report.
In short, a plant has to function properly in order to fly the
company off the ground without too much crawling.

peal as a Factory-built home and also it will collapse in an ordi
nary earthquake. Banks and other lending institutions are ready
to tie up for thirty years with a stick-built house and why not with
a Factory built home. Lending Institutions are afraid if they pro
vide financing and something goes wrong, there is one organization
the consumer can always reach, and that is the lending institution.
Important criteria are:
1. It must have appeal, the best appeal.
2. The cost must be competitive.
3. The developer must have good community relations,
good support with community groups.
4. And above all, the unit must be saleable and have sales
appeal.
What are the qualifications of the Manufacturer required by
the lending institution?
1. Know-how to produce saleable product.
2. Strong advertising and sales promotion program.
3. Ability to deliver product.
4. Financial responsibility - what is his working capital to
that portion that is free to help inventory and receivables.
5. Good cash working capital.
Banks, Savings & Loan, Insurance Companies, Mutual Funds,
Limited Partnerships, Mortgage Pools, Corporate Financing,
etc. will have to get interested in Modular Housing.
We must shift from relying on the private money market for
financing housing for low and moderate income families to full
federal, state and local government commitments in order to
provide the required money at the right cost as a public need.
We must give up the inadequate notion that mortgage money can
be obtained in the free market, since private money can get a far
better return in other investments than in long term fixed mort
gage financing.
There are no major problems, if you have a going acceptable
business.
Lending Institutions ask for financing of both the manufacturer
and the developer, legally typing in these funds to minimize their
risk.
Manufacturer should carefully check the Financial conditions
and credit of the developer before building or selling units to him.
LABOR
Why can not we make houses cheap these days? Labor rates
in the field are killing us. So we moved inside the factory to build
houses. Industrialized Housing has more cost in Materials and
Overhead than stick builders. So the only place to offset those
extra costs is to save in the labor by getting unskilled labor at a
lower rate. It is a good idea for society, as you make something
out of an unskilled man. Try to have only one union in the plant
at the lowest rate possible. In establishing a new factory, it may
be desirable to arrive at an understanding with the union covering
plant personnel before operations are started. Organize your
labor with maximum of lowest rate workers. Train them at their
cost at night and use them for your purpose of building houses.
Train the people for assembly work but it is vitally important that
your supervisory people know carpentry and other operations well.
To make a profitable venture one should produce at 1/3 man-hour
per square foot.
The biggest problem we face is the fact that we must work
with human beings. Some managements have introduced the in
centive program which has proved successful, where Labor con
trols Labor.
In negotiating a union contract, watch it carefully and use an
experienced consultant. Administer the agreement by being on
guard, and plan ahead for negotiation of future agreements. Labor
unions also should try to help this Industrialized Housing as much
as they can so the rates do not have other place to go now.

TRANSPORTATION, ERECTION & FIELD WORK
Transportation and Erection with a crane or special system
are two extra jobs that Modular Industry has to perform. Trans
portation should be achieved with minimum cost. It would not be
feasible to ship the modules beyond 300 miles radius. Make sure
all the materials required to finish up and hook up the modules
leave the plant at the same time you ship the modules, possibly
inside the open module. Also make sure nothing is hanging loose
inside or outside the module which can damage anything. There
is not much to erect the modules so if possible have all the modules
lined up at the site for that day’s erection closer to foundation.
Dukor Modular Systems, Inc. of Gilroy, California erected
48 modules per day at Mountain View West #2 project in Mountain

FACTORY PRODUCTION AND MANUFACTURER
Industrialized Housing consists in building of shelters inside
a factory. According to the present situation, a successful manu
facturer will have to build at $9.00 or less per square foot F .O .B .
at factory. Most of the Modular Home plants are not specially
designed to build homes. Different Building systems in Industri
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View, California. We had modules 20 feet away from foundation
and the main thing was the crane did not have to wait for the mod
ules as they were already there. If we had not spent as much time
as we had to in removing weather protection material, we could
have erected about 60 modules/day.
Never have a crane waiting for the modules as every minute
is costing you in excess of $3.00 per minute.
In erecting modules do not use re-usable lifting rods. Use
straps which can be cut off, as it is faster.
It is murder not to prefinish as much as possible in the fac
tory. Try to select a product that has as much prefinishing as
possible done in the factory. If a finished module sets in the yard
for a while and if it requires to be cleaned up and repainted, do
not waste any money to do it in the plant. After you erect the
module on the site, you have to do it anyway. T o avoid delays in
construction, take care of the factors such as weather, labor
supply, Material shortages, Equipment Failure, Finances, Man
ufactured items, construction mistakes, Design changes, permits,
shop drawings, sample approvals, Building codes, Sub-contractors,
Contract Negotiaticm, Jurisdictional Disputes, Inspections, Foun
dation conditions........ etc.
All the field work should be done as soon as possible. On the
large projects, a prototype should be set up on the site and a sales
or rental program should start before the delivery or erection is
even started on the project. The Traffic Department should keep
up to date with the laws of the Division of Highways and Railroad
companies and inform other related people in the company. A
helicopter may be the solution to Transportation and the Erection
problem where trucks and railroad systems can not reach.

rifice a little and give a little more than their share, and make
“ Industrialized Housing, a reality” .
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GO TODAY THE FACTORY-BUILT WAY, WITH DUKOR:
Dukor Modular Systems, Inc. of Gilroy, California produces
precision-made housing of high architectural excellence in plan
ning and design. The Dukor manufacturing facility, located on a
26 - acre site in Gilroy includes a covered plant area of 186,000
square feet, 86,000 square feet of which is presently used for
factory built modular home production. (The remaining 100,000
square feet is scheduled to be used beginning January 1973). The
plant has a ceiling which is three stories high and is equipped with
twenty three overhead cranes. Dukor uses steel and plywood as
their basic materials. It is housing manufactured under factory
conditions to assure the highest quality home for its price in
America today. Its superior design centers around three dimen
sional steel framing. Normal site erection time is a matter of
days, compared to months for conventional housing.
The modules (sections of a home) travel down the assembly
line, starting with the welding of the steel frame which is tech
nically called a “ steel ductile moment resistant space fram e” ,
and ending with final interior touching up. The steel box frame
functions like the chassis on an automobile, with similar produc
tion advantages. Each unit actually moves down the production
line on four temporarily affixed wheels, with walls, floors and
roof being added to the frame as it progresses. Modules pass
through stations for painting, subflooring, carpeting, plumbing
and electrical wiring, followed by placement of walls, doors,
windows, cabinets, appliances, and interior trim. The steel
framing is, in addition, hollow, functioning as all ducts for both
heat and air conditioning. Moreover, the frame, being steel,
cannot be harmed by dry rot or termites. Because of the strength
of the steel frame, the walls are non-load bearing, unlike wood
frame homes, and are not needed to support the structure. When
two modules are connected, no wall is structurally required where
the units join together, thus enabling spacious quarters to be cre
ated. Figure 1-6 are exhibited as a part of this paper to make
the readers more familiar with DUKOR.

Fig. 1. Welding Jig.—This is the place where module takes a birth. Jig is equipped with
two mig welders and is able to produce one “ Steel Frame” every 20 minutes.

LET US MAKE THIS GOAL A REALITY
Industrialized Housing has entered the American Market and
now it is in our hands to push it. It may solve the housing crisis
in the nation and will be a new hope for millions of Americans.
State Housing codes, Division of Highways, Government, Lending
institutions, suppliers to Housing industry, Manufacturers and
the Buyers etc, all will have to push in the same direction, sac

F<* 2. Plant layout drawing Assembly lines. This plant layout won “Award o f Merit'’
from Automation in Housing for Achievement in Homing.
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Fig. S. Module being Transported to site with use o f the Bogey shown in Fig. 4.

Fig. 3. Plumbing Wall.—This picture presents prefabbed waste and supply tree installed in
the module.

Fig. 4. Transportation Bogey.-This Bogey is specially designed to transport modules
with steel frame which makes its own flat bed. The modules are only 9 " above
the road surface to allow required height on the module and still com ply with
Highway regulations. Two, I ” Bolts are used in each column at the corner to hook
up the module to hydraulically operated bogey which makes it easy to unload at
the site without crane or fork lift.

Fig 6. Pierce Street Apartments.—G ilroy, California; FHA 236 Project, 54 Apartments;
AISC award winner.
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THE LOGIC OF A SOLUTION
by
A. D. McDonald and F. D. Rich, Jr.

Lower cost housing has been the goal of many and has resulted
in a variety of attempted solutions. Frequently the solutions have
been ingenious but have foundered because they have not been in
tegrated into the task of conceiving, creating, constructing and
delivering a total project. This integration requires an organiza
tion with a wealth of experience in design, construction, financing,
development, sales and management. With such capability a good
idea can be made to work wherever a market can be created and
sustained.
Organized with a mind to total packaging, the F .D . Rich Hous
ing Corporation has now introduced a precast concrete box con
struction technique known as the HABSystem. Other box construc
tions have been tried recently and they have been given the generic
name of “ Building Blocks of the Twentieth Century” . Some have
met with success, others have not gotten off the drawing boards.
All have envisioned minimization of field work.
The uniqueness of the HABSystem stems from its utilization
of the boxes as beams, spanning the width of a building. Supporting
columns are located in rows, front and back. In this way a stand
ard box can be utilized in high rise building construction of theo
retically any height by using appropriate column sizes. Varying
the space between adjacent boxes is one way of doing this for dif
ferent building heights. Most other box techniques are box bearing
systems in which upper boxes bear on lower ones. This sometimes
creates certain structural and height limitations.
By spanning across the width of the building, the box beams
are suspended in air. They are thus conveniently arranged so
there is a plenum space completely surrounding each unit. The

encapsulating plenum offers the opportunity of incorporating air
handling features, providing heat sinks for fire resistance, and
creating physical space for intermodule connections. Finally,
the encapsulating space offers the opportunity to house a variable
reinforced concrete structural framework which, coincidentally,
creates the plenum space and is required to lend rigidity to the
structure since the box modules are in of themselves thin shells
of lightweight concrete to aHow for high lifts in field erection.
The structural framework, placed at the site, is installed rela
tively easily by utilizing the boxes themselves to self-form the
column and beam configurations. A fire-stopping, again, simply
installed, is also incorporated at each floor level. Some details
of the system (patents pending) are shown in Figures 1 and 2.
With boxes entirely independent, one from the other, no in
terior surface is exposed during transportation as occurs, for
example, when boxes are used in checkerboard fashion with a
floor slab serving simultaneously as a ceiling for a room below.
Accordingly, the interior of a box is finished completely at a
factory location, then sealed and the module is thus shipped to
the site without endangering the integrity of the finish. Since all
plumbing, wiring, painting, floor covering, e tc ., is incorporated
at the factory, the module can literally be sealed to prevent entry
of field personnel into habitable areas, save for the final punch
list inspection. The vertical connections between modules are
made in the field in a single utility room provided to house indi
vidual apartment mechanical services. The utility room is ex
terior to the living spaces within the module.
The system described might be called a flexible “ closed”
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Fig. 4. Floor plan o f a duplex apartment with increased habitable area

n o t e

:

a l t e r n a t i v e l y , s
CEILING D I F F U S E R S

u p p l y

f r o m

MAY BE

REVERSIBLE

USED

CYCLE

RIB
Fig. 2. Box beam details

system. The advantages and disadvantages of “ open” and “ closed”
systems have been discussed at length in technical literature.
Frequently, the automobile industry is the metaphor for systems
analysis. A system may be closed for the bulk of the production
but permissive of features which, at cost differentials, can sig
nificantly alter the appearance and convenience of the product.
For the purpose of meeting specific market demands, the HABSystem follows this principle closely. The basic unit of production
is intended to provide what are generally considered to be minimum
acceptable housing standards for the United States; that is, those
prescribed by the Federal Housing Administration’s “ Minimum
Property Standards” . These minimum standards can be met for
0, 1, 2 and 3 bedroom units. A typical floor plan of such a fac
ility is indicated in Figure 3. Modified, the boxes can provide a
more spacious duplex apartment as indicated in Figure 4. The
duplex apartment could be further enhanced with more elegant
architectural facades. At both ends of the scale, and in situations
in between, the basic shell remains the same. The analogy be
tween the economy model and the custom automobile remains
valid.
The fact that the structural system creates a plenum provides
an opportunity to supply total interior thermal control at very little
cost. As can be seen from Figure 5, conditioned air is pumped

into the plenum space from a reversible cycle unit located in each
utility room. The conditioned air (heated or cooled) washes the
walls, floors and ceiling surfaces of the concrete box and then
escapes from the plenum through diffusers into individual rooms
and finally returns to the heating-cooling unit via a return air
duct. Studies have shown that the concrete wall, ceiling and floor
act as radiant plates, and approximately 50% of the thermal de
livery is by radiation and the remainder by air delivered by con
vection. As a result of radiation, thermal distribution in habitable
areas is stable and uniform .
While this system provides a high degree of environmental
control for low cost housing, an examination of the details of
construction will indicate that the cost of the system is relatively
inexpensive. Cost considerations are limited to the factory in
stallation of the heating-cooling unit and central accessories. AH
distribution is provided by the plenum spaces formed by the sep
aration of the modules which, in turn, resulted from insertion of
a structural system.
In developing this system, some specific problems and solu
tions were encountered in a pilot run of a factory for the construc
tion of two small projects and are illustrated in Figures 6 and 7.
Figure 6 shows a shuttle system devised for the purpose of pro
ducing one module per day per set of molding equipment. The
tunnel form is seen engaged in the casting process for walls and
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This requires obtaining high strength concrete capable of being
demolded and transported within a period of eight hours. Tests
have been conducted to establish the validity of the materials used.
Such tests include both laboratory specimens, full-scale strength
tests of modules, and standard ASTM fire tests. Additional tests
have been conducted to establish impact noise resistance and sound
transmission ratings of full-scale modules.
The use of very thin floors, walls and ceilings, stiffened by
external ribs, does not impinge upon the strength and versatility
of the module in its ability to stand as a box beam between columns
cast at the site. This versatility is illustrated in Figures 8 and 9
which illustrate some of the major penetrations permissible in
the box construction. These penetrations, fully justified by struc
tural analysis and full scale field tests, permit considerable lati
tude in the development of a variety of interesting interior layouts.

Fig.

Fig.

6. Mechanized moulding equipment for box construction

Fig.

8. Individualized archways for custom designed rooms

Fig.

9 . Unfinished b o x with m ajor wall penetrations

7. Field erection o f modules

ceilings at Bed No. 1 while simultaneously at the other end of the
track (not seen in the photograph) casting of a floor on Bed No. 2
can proceed. That floor will be ready to receive the tunnel form
on the following day, at which time the described cycle is repeated.
This operation requires the production of high strength concrete
in relatively short periods of tim e. This problem is further ag
gravated by the special demands created by the employment of
very thin floor, wall and ceiling sections. For the purpose of
reducing the weight of the prefabricated modules, these sections
sometimes are as thin as one inch. Further, for the purpose of
increasing the fire resistance of the construction, expanded shale
aggregates are employed. Special demands are placed upon the
material technology of the concrete industry to meet these require
ments. At premium costs, when necessary, the most modern
developments in concrete technology can be utilized to increase
production rates to two boxes per day per set of molding equipment.
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It should be emphasized that the box modules are suitable for
use off-the-shelf on any standardized apartment layout. Building
dimensions in height and length do not have influence on the module
to be used. Those dimensions influence only the size of structural
framework inserted at the site. It can be seen in Figure 10 that
column reinforcing and dimensions can be easily changed in width
and length with very little cost ramifications. The basic factoryproduced module remains unchanged throughout the structure

regardless of building height or architectural utilization of the
variable framework. In this connection, computer programs are
being developed to facilitate standardization and easily compiled
designs for all building configurations. The HABSystem is equally
versatile in low rise and high rise configurations. Accordingly,
total housing development concepts remain completely flexible to
architectural individuality and layout.
For any system to actually contribute to the delivery of hous
ing for persons of low and moderate income, not only must it be
flexible enough to operate within a current and ever changing
socio-econom ic context, but more importantly, the system must
be sponsored by an organization capable o f orchestrating a variety
of normally independent disciplines including architecture, engi
neering, contracting, financing, real estate, sales, marketing
and industrial production.
The coordination and implementation of this variety of d isci
plines has been called Systems Contracting. (1) This paper has
made no attempt to investigate the implications of Systems Con
tracting as applied to HABSystem; however, regardless of the
details and hardware o f the individual system, for it to be an
effective contributor to the national housing supply, it must be a
working part of a System Contracting effort of a broadly based
housing organization.
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PARAMETERS AFFECTING CONSTRUCTION TIME IN HOUSING PROJECTS
by
Shlomo Peer* and Shlomo Selinger**

INTRODUCTION

The subcomponents of Tj> may be classified as “ fixed” and
“ variable” , and the above expression may be regrouped accord
ingly as Tf + Ty, where

The most effective means of production organization in a
housing project is the flow-line method. (1) The construction
process being highly repetitive, the underlying principle closely
resembles that of industrial mass-production: the process is
resolved into balanced production lines operated by specialized
gangs at a uniform pace, and the project is broken down into
sections (e.g . a storey or part of a storey) dealt with by one gang
at a time in a predetermined sequence. This approach permits
an optimal reduction of cost and construction time.
Reduced construction time is at present one of the main con
cerns of the building industry in many countries. Although the
main contribution has to come from the contractor (through im
proved planning and organization), decisions by the designer or
the client during the planning stage of the project also have a
direct bearing. Hence, the obvious need for better understanding
by all participants in the project of the factors affecting construc
tion time. This is especially important in this industry, where
the production process is divided among several contributors
joining at different stages of progress.

T f = k(n - 1) + 1 1 tj

and

Tf represents the running-in time of the production process, from
the start of the first gang on the first section to the start of the
last one. It may vary considerably according to the construction
method, but is independent of project size. Tv is the overall time
requirement of the last production line.
The shortest construction time is obtained when all gangs
operating in the same direction advance at the same pace; other
wise, the construction time is determined by the slowest gang.
It is also prolonged if a single production line is accelerated in the
middle of the process, as this defers the start of the subsequent
lines.
(c)

The theoretical total construction time (Tj) can be expressed
as comprised of the following components: (2)
(a) Preparation time (Tj + Ts) .
(b) Basic time (T^).
(c) Time increment due to change of direction (A Td - A Ty) .
(d) Time increment due to external operations (A Tr) .
(e) Time increment for small projects (A Tm) .

In the finishing phase, a vertical progress is preferable.
This change of direction is conditional on the availability of a
complete staircase (Figure 1), and entails, therefore, a corres
ponding delay in the start of the first gang advancing vertically.
This delay can be offset in part by accelerating progress pace in
the new direction, causing an interruption in the work of these
gangs in changeover to the next stage. Because of the smaller
work content in most finishing operations, this may prove, however,
helpful in leveling the production flow. The importance of choosing
the correct place for changing direction should, therefore, be
recognized.
In general, the time increment depends on the number of
sections in one construction stage, on the number of storeys, and
on the progress module. Formulae for its determination, for the
different alternatives of change of direction, are given in Table 1.
The accelerated pace enables shortening of the time interval
between start of the vertically working gangs. This would result
in the following saving of time:

Preparation time

This component represents the time requirement for the
operations preceding the continuous production work on the repet
itive sections and does not depend on project size. Its subcom
ponents are Tx - the installation - and organization time of the
site, from the contractor’s first day on the site to the start of
foundation work, and Ts - the erection time of the substructures
for the first stage of buildings.
Ts depends on the site topography, soil conditions, construc
tion method, design details, and the number of substructures
necessary for continuous progress (which in turn depends on the
construction method and on the space requirements of the gangs).
In one-storey buildings, the number of substructures being
equal to that of storeys, the whole production pace is determined
by the slowest gang working on the substructure. The same may
happen also in two-storey buildings if the working time of this
gang exceeds that of the first gang working on the storeys.
(b)

Time increment due to change of direction

Production gangs involved in the carcase have to advance
horizontally on the same storey until the changeover to the next
one is possible. For obtaining a continuous progress, the number
of horizontal sections on a storey should not be less than the
number of production lines working on the carcase.

Theoretical Construction Time in Housing

(a)

Tv = k-m

A Tv = (k - k(1)) (n1 - 1)
where k/j* is the progress module of the accelerated production
lines ana n1 - their number. It should be considered, however,
that this relatively small reduction in construction time increases
the sensitivity of the whole process to deviations from the assumed
performance.

Basic time

The basic production time for the repetitive sections in the
flow line method is given by: (1)
Tjj = k(m + n - 1) + £ U
i=l
where: k - progress module, i.e . cycle time of gang per section
m - number of sections
n - number of production lines
tj - waiting interval after line i, dictated by the production
process (e.g. for concrete curing).

(d) Time increment due to external operations
Such an operation—exterior rendering, installation of elevators,
etc. —does not interfere with the main production lines—except that
it is often conditional on termination of one of them, and its com
pletion may be a prerequisite for another. Accordingly, the time
tr available for the external operation is dictated by this inter
connection, and so long as it is not exceeded the construction time
is unaffected. Denoting the operation time by tr and the construc
tion time increment by A Tr , we have:
AT _
r = 0 if trrav >tx
1

and

r if tr <t,
av “ ra
1av
1
r *r "rav
Exterior rendering is the most critical external operation in
housing construction, especially in high-rise projects. Available
time for it depends on the number of sections in the first construe-

♦Head, Department of Construction Management and Economics,
Building Research Station, Technion, Israel Institute of Tech
nology, Haifa.
♦♦Research Fellow at the same.
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A T_ = t.

tion stage, number of storeys, progress-module and direction of
the main production lines and place of changing it. Formulae for
tr
(exterior rendering) with different alternatives of change of
direction are given in Table 2.
(e) Time increment for small projects
In small projects, where the number of sections per storey(s)
is smaller than that of the gangs working on the carcase (ns) ,
interruptions in progress of the gangs between storeys are un
avoidable. The resulting time increment A T m is given by

ATd3* ATd|+ ATd2« k - s ( r - l )

A Tm = k[m(Ils. - 1) + s - ng], for ns >s

^ A T d , - k - ( s - l M f - l ) 1AT(|2-k(r-i)
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LEGEND: D irection o f p rogress:

Time increment due to
A T .

'

Borizontal (h)

•

V er tic a l, upwards (v^)

■

V er tica l, downwards (v ^

change

-

from h t o v

-

from v

dl
AT .

d^

o f d irection :

U
to v ,
u
d

AT
- from h t o v .
d3
d

- s e e Table 1 .
Fig. 1. E ffect o f change o f direction on construction tim e ( k ^ j j = k ; z = l )

TABLE 2: AVAILABLE TIME (t

) FOR EXTERNAL OPERATIONav
FOR DIFFERENT ALTERNATIVES OF CHANGE OF DIRECTION

Direction in main production
lines affecting t
rav

TABLE 1: CONSTRUCTION TIME INCREMENT AT^ - FOR
DIFFERENT ALTERNATIVES OF CHANGE OF DIRECTION
Direction
After change

Horizontal

Vertical,
upwards

Vertical,
upwards

Vertical,
downwards

Horizontal

Vertical,
downwards

All
i—i

Original

Horizontal throughout

AT ^

%

<f

k ^ f z-k -z
...
' K(l)

f-k

(1 )

1
u'M
(ma(l--)-u” -Hi+l)+ 2 t

f

- number of storeys

s

- number of sections per storey for all buildings in one
stage (s=ms/f )

'

1= 11*

uM-l
k(m -z(f-l)+u-u’ -l)+k„,(u” -u-f)+ 2 t.
8
<!>
i=u’ 1

Change from horizontal to
upward-vertical with
increase in pace

k(u-u’ )+k^(ms-f(l+z)+z+u” -u-l)+

u” -l
2 t.

k(u-u’ )+k^(ms-f(l-z)-z-Hi” -u-l)+

u” -l
2 t.

Change from horizontal to
upward-vertical without in
u” -l
crease of pace; change from k (m a - f -z + u - u ’ )+ k ^ (f (2 z -l)- z + u ” -u -l)+ 2 t.
upward-to downward-vertical
with increase of pace

- regular progress module

k ^ - reduced progress module

Additional notation (see also Table 1)
u - serial number of last production line with module k
u’ - serial number of production line governing start of
external operation
u” - serial number of production line governed by completion
of external operation

ms - number of sections in one stage
z

m
k(-|-4u-uM)-k

Change from horizontal to
upward-vertical without
increase of pace

Change from horizontal to
downward-vertical with
increase of pace

-k

Notation
k

av

"

f k(D

k(l) (f(8- Z)+Z) - k -8

r

- ratio of dwelling unite per storey (vertical/horizontal)
in given section
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Total Construction Time

(c)

Summarizing all the above defined parameters the total con 
struction time Tj is obtained by:

(d)

Tt = Ti + Ts + Tj, + A Td - A Tv + A Tr + A Tm
The chart in Fig. 2 illustrates an example for a housing project
com prising 128 dwelling units in four-storey buildings (four units
per section).
As fixed time constitutes a very substantial part of the con
struction tim e, it is impossible to shorten it at the same propor
tion by dividing a project among several contractors or by con 
tractor’ s employing additional production plants. The influence
f . e . of halving the project in Fig. 2 is illustrated by a dashed line.
Consequently, the time-dependent fixed cost per production unit is
a function of p roject-size and number o f production plants employed.
It should also be realized, that subdividing beneath a certain limit
even extends construction time in spite of concentrating m ore
equipment and labor on the same project.
Results of Site Observations
A detailed study conducted in Israel on 130 low er-cost housing
sites (2) showed that, for erection of typical storey s, the average
real construction time exceeded the theoretical requirement, as
shown in Table 3. The theoretical tim e was only attained at a few
sites with the gangs properly balanced in size.
The sm aller difference in larger projects is due not only to
m ore attention devoted to them, but also to the organizational
inefficiencies being distributed over a larger number of dwelling
units.
The main reasons fo r the discrepancy may be summed up as
follow s:
(a) Inadequate layout planning.
(b) Delays in turning over successive parts of the project to
the contractor.

(e)

TABLE 3: EXCESS OF REAL CONSTRUCTION TIME OVER
THEORETICAL (IN PERCENT)
100 dwelling units

------- V e r t i c a l

+45

+25

Finishing operations

+30

+20

Storeys, overall

+40

+30

CONCLUSION
Better understanding of the factors affecting housing construc
tion time is essential fo r any attempt at tim e- and cost-saving.
The most efficient means of production organization in a housing
project (in terms o f both construction time and utilization of
resources) is the flow -lin e method. The shortest construction
time is obtained when all gangs operating in the same direction
advance at the same pace.
The theoretical analysis presented in this paper shows that a
very substantial fraction of the total construction time is indepen
dent of the size o f the p roject. This com prises the time from the

p ro g re s s

1
Fig. 2. Theoretical construction time o f housing project

150 dwelling units

Carcase

LEGEND: -------------------H o r i z o n t a l p r o g r e s s
——

Delays in submitting working plans, o r unforeseen altera
tions by the designer or the client.
Faulty organization on the part of the contractor, including
an unsatisfactory breakdown into organizational units or
progress stages.
Lack of.detailed planning of the p ro ce s s, necessitating
improvisation on the site. (This was observed as the main
reason on most sites).

-

T o ta l c o n s tr u c tio n

tim e

-

T o ta l c o n s tr u c tio n

tim e

f o r s u b d iv id e d p r o je c t

struction p rocess. Wrong decisions, however, made by client or
designer had a substantial effect as w ell.
It should be stressed, in general, that neither mechanization
nor modern techniques guarantee a reduction in construction tim e,
unless combined with proper organization of the production p ro
cess as a whole.

contractor’ s first day on the site to the start of foundation work,
the erection time of the substructures for the first buildings, and
the running-in time of the production process on the storeys.
This running-in time depends on the number of production
lines in the construction method, technical waiting tim es, number
of sections in one storey, height of buildings, place of changing
progress-direction, progress-m odu le, the interval between the
gangs in entering into the production p r o ce s s, and effect of external
operations. The only variable (size dependent) time is the overall
time required of the last production line.
As the relationship of fixed and variable time affects the cost
per dwelling unit, there must exist an optimal project size— a
problem which calls for a separate study.
In a study on 130 housing projects in Isra el, the actual con
struction time was found to exceed the theoretical requirement by
about 35%, mainly owing to lack of detailed planning of the con 
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LOW COST HIGH Q U A LITY AND HIGH STRENGTH GAP-GRADED CONCRETE FOR
URBAN RENEWAL HOUSING CONSTRUCTION
by
Shu-t'ien Li, Ph.D., P.E., F.ASCE* and V. Ramakrishnan, Ph.D., M.ASCE**

INTRODUCTION
Reduction in the cost of design and construction of structures
has been and is the primary motivation of the bulk of the research
in civil engineering all over the world. Research activity has been
concerned with several areas such as m aterials, design philoso
phies, structural form s, construction techniques, quality control,
construction management, precasting, standardization, mass
manufacture and so on. The quick dissemination of research
developments to enable their beneficial inplementation in practice
is the responsibility of the researchers. Of the various factors
which contribute to the total cost of the urban renewal construction,
the choice of materials exert the greatest influence. T herefore, a
vigorous search is on to find new materials and to improve the
perform ance of existing materials by improved manufacturing
techniques. The authors are presenting in this paper, a summary
of the findings from an extensive investigation undertaken (1-11)
to ascertain merits and perform ance characteristics of gap-graded
concrete in comparison with the conventionally used continuouslygraded concrete.
Concrete is now being used in greater quantities in urban
renewal housing construction than any other man-made building
material. It has become indispensable in practically all types of
buildings and many of their supporting components. The demands
for housing and other building program s w ill continue to increase.
It is estimated, fo r example, that even if the population increases
only 50 percent in the United States of Am erica in the next 30 y e a r s ,
a new living unit w ill be needed every 20 secon ds, requiring very
large quantities of concrete. Additionally, concrete has the unique
advantage that the engineer can formulate the mixture, within lim its,
to meet specific requirements fo r durability, strength, finishability,
etc. Important as are the m erits of conventional continuously graded concrete used hitherto, a number of perform ance im prove
ments and the behavioral efficiency of building components could be
much enhanced by using concrete which is gap-graded.
WHAT IS GAP-GRADED CONCRETE?
The traditional continuous aggregate-grading curves of F u llerThompson have not always proven to give concrete the optimum
physical and mechanical properties because o f the wedging action
of intermediate sizes of aggregate. This approach of using all
sizes o f aggregates intensifies the problem of segregation. Under
the present stage of almost universal depletion of naturally occurring
continuously-graded aggregates in practically every region of the
world after m ore than a century’ s exploitation of such suitable
aggregates for making con crete, continuous grading has becom e a
labor-consum ing, time-consum ing, and uneconomical p rocess.
N o r has the c u s to m a ry id e a of th ro w in g m o r e ba gs of P o rtla n d
c e m e n t in to the c o n c re te m ix a lw a y s gu a ra n te e d a b e tte r c o n c re te .

It simply ensues m ore cement paste, requires m ore water to keep
a target water-cement ratio, invites m ore drying shrinkage,
aggravates shrinkage cracks, causes m ore creep under sustained
loading, and entails less creep recovery upon load rem oval. All
these drawbacks are minimized with “ gap-graded concrete. ’ ’
“ Gap-grading” is defined as “ the grading of both coarse and
fine aggregates by using only a narrow range of the perm issible
maximum sizes of coarse aggregate, not using any intermediate
s iz e s , and a moderate range o f admissible maximum sizes of fine
aggregate, deleting all the extreme fines. ” In principle, the
aggregates are considered in two parts, -1 - the main body, which

constitutes 65 to 75% of the combined aggregates and is composed
of single sized 1 1 / 2 ” , 3 /4 ” or 1 /2 ” m aterial, and - 2 - a fine
aggregate o r filler representing 35 to 25% of the combined aggre
gates. The sizes o f the coarse and fine aggregates are so related
as to allow the whole of the filler to pass freely into and through all
the voids in the compacted coa rse aggregate. Thus, one cubic yard
of coarse aggregate will produce approximately one cubic yard of
concrete, the fille r (sand), cement and water filling the interstices
of the particles of coarse material. From this it is clear that to
design a gap-graded concrete the bulk density o f the coarse aggre
gate must be determined in relation to the general placing condi
tions. From this data and the relevant sp ecific gravity, the voids
in percent can be calculated and hence the volumes or weights of
fille r, cement, and water can be found to meet the requirements of
strength and workability specified.
RESEARCH RESULTS
The inportant conclusions for the investigation (1-11) involving
375 mixes of gap-graded and continuously-graded m ixes are sum
marized herein. The mixes used were in the strength range of
3000 psi to 7500 p s i, with four different maximum sizes of coarse
aggregates. The water-cement ratios (by weight) varied from
0.35 to 0.65 and the aggregate-cement ratios (by weight) varied
from 2.0 to 10™0. The tests w ere conducted, whenever applicable,
according to ASTM Standard Methods.

Plastic Concrete
A com parison of the results for gap-graded versus continu
ously-graded concretes on the basis o f equal maximum size of
coarse aggregate, water-cement ratio, and aggregate-cement
ratio has shown the relative ease of placing gap-graded concrete
to attain uniform compaction. A comparative study o f the efficacy
of slump test versus vebe time as a measure of workability has
revealed that slump test is not fully indicative of the workability
for stiffer mixes with slump less than one inch. Hence vebe test
is recommended for stiffer mixes and a relationship is obtained
showing the correlation between slump and vebe tim e.
For the convenience of field engineers who are equipped to do
the slump test only, the following equation relating the slump in
inches (S) and the vebe time in seconds (Tv) , was derived based on
the test data:
Tv = 4.79
§0.215
Observations of the physical appearance of the plastic concrete,
the recorded vibration tim e, the number of strik e-offs needed to
obtain a good surface finish, and the pictorial records of the final
appearance, have clearly indicated that, for equal com pressive
strength and maximum size of coarse aggregate, the gap-graded
concrete is equally placeable, workable, and finishable as its
continuously-graded counterpart.
Hardened Concrete

*P rofessor Emeritus and Consulting Engineer, P. O. Box 1810,
Rapid City, South Dakota 57701, U .S.A .
** P rofessor of Civil Engineering, South Dakota School of Mines and
Technology, Rapid City, South Dakota 57701, U .S .A .
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For equal com pressive strength, maximum size of coarse
aggregate, and approximately equal workability, gap-graded con
crete has higher unit weight, higher modulus of elasticity, less
shrinkage, less creep and less permeability than continuouslygraded concrete. The study has also shown that fo r equal maximum
size of coarse aggregate, gap-graded concrete can be produced
with 20 to 30% less cement than continuously-graded concrete to
give the same com pressive strength. Based on test data, the
following dimensionally consistent em pirical relations are proposed
to relate modulus of elasticity with com pressive strength and unit
weight, and for the prediction of creep strains for both gap-graded
and continuously-graded concretes:

Modulus of elasticity
(a)
and (b)

for gap-graded concrete,
Ecg = 0.109 x 106w + 185 f£ - 12.14 x 106

2

for continuously-graded concrete,
Ec = 0.0670 x 106w + 185 f£ - 6.223 x 106

3

with the proportioning o f the constituent materials of the concrete,
but that the usual basis of mix design is em pirical and hence is
divorced from the science of this subject. It is also associated,
one fe a r s , with a lack of site experience in placing and compacting
concrete by the bulk of designers and detailers of reinforced con
crete structures and aggravated by a lack of training of the labor
fo rce actually manipulating the concrete.
Vibration is now virtually universally applied in placing con
crete whether in the field or in the precast factory. Where internal
vibrators are employed, consideration must be given to the distri
bution of the steel in the various mem bers to be formed so that
not only the concrete but also the vibrators can easily be introduced
into the form s. There is also an association between the diameter
o f the internal vibrator and the volume of concrete to be dealt with
p er insertion as well as the relationship of the maximum aggregate
size to this diam eter. For example, no one would really consider
using a 1 1 /2 ” vibrator in dam construction where the concrete
contained 6” aggregate. In reinforced concrete structures with
heavy reinforcem ent, it should be remembered that the steel itself
absorbs energy from the vibrator by virtue of transmission through
the concrete. Consequently, as the effectiveness o f a poker is
proportional to the square of its diameter (centrifugal force times
surface area), a poker of less than 2 1 /2 ” may prove rather
inefficient in term s o f the ultimate quality of the concrete. This is
particularly true of continuously-graded concretes where the use
o f high mortar contents are common.

where Ecg = Young’s modulus fo r gap-graded concrete in psi
Ec = Young’ s modulus fo r continuously-graded concrete in
psi
w = Unit weight of 6 x 12-in. cylinder specimen in lb per
cu ft
f£ = Com pressive strength of 6 x 12-in. cylinder in psi
Creep
(a)

for gap-graded concrete,
_ 0 . 668t
Cg 45.2+t

(b)

for continuously-graded concrete,
0 . 893t
“ 46.4+t
where Cg = Creep for gap-graded concrete in in /in /p si
C = Creep for continuously-graded concrete in in /in /p si
t = time under sustained load in days
The above creep equations are applicable fo r a stress strength
ratio of 18 percent. Creep at other stress-strength ratios, or at
other loads on the same concrete, could be estimated from the
above equations by proportionality.

ADVANTAGES OF GAP-GRADED CONCRETE

Shrinkage-Compensated Concrete
Some prelim inary studies were made o f shrinkage-compen
sated concretes using Type-K cement in the final part of the
investigation. The com parison of expansion-shrinkage character
istics of gap-graded and continuously-graded shrinkage-compen
sating concretes has shown that unrestrained continuously-graded
shrinkage-compensating concrete requires 37.7 percent m ore
Type-K cement, while with lateral reinforcement (1.16 percent),
it requires 39.2 percent m ore Type-K cem ent, than the equivalent
gap-graded shrinkage-compensating having same com pressive
strength and workability. Thus, this investigation has shown that
a significant economy can be achieved for shrinkage-compensating
concretes by adopting gap grading instead of the conventional
continuous grading of aggregates.
Optimum Mix-Design Method for Gap-Graded Concrete
An optimum m ix-design method for proportioning gap-graded
concrete and a step-by-step procedure for using this method and
an illustrative numerical example are given in reference (8). A
comparison of the proposed method with that of ACI 613-54 (Re
vised 1969) has shown a saving of 34 percent in cement content for
gap-graded concrete versus the conventional concrete fo r equal
maximum size of coa rse aggregate, com pressive strength and
approximately equal workability.
FIELD OBSERVATIONS
To the practical engineer in the structural and construction
fields, it must be evident that concrete cannot be thought of in
isolation from the form work in which it is to be placed o r the steel
with which it shares the induced stresses. It is also true that it
is unwise to consider concrete mix design on the basis o f merely
com pressive strength alone because, with a high performance
cem ent, the water-cement ratio at which the required strength
can be attained is unnecessarily high and hence a potential for
excessive shrinkage, creep , or both, exists. In spite o f this the
majority of concrete specifications are determined on the com 
pressive strength after a particular lapse o f tim e, together with
some reference to workability, and such physical properties of the
combined materials as shrinkage and creep are seldom , if ever,
mentioned.
It is not that these phenomena are not recognized o r understood,
for research has established that they are intimately associated
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Based on the research and field experience of the authors, the
following are the realistically achievable advantages through the
use of gap-graded concrete fo r whatever purpose conventional
concrete is being used:
1. Any sound coarse and fine aggregates will make good gapgrading provided that the size ratio of the coarse aggre
gate to the fine is such that the latter can be admitted to
the side interstices of the form er during compaction.
2. Gap-grading can best use all available sizes. For
example, in a building p roject, the largest sizes of gravel
or crushed stone can be used in footings and retaining
w alls, the medium sizes in heavy girders and columns,
and the sm aller sizes in beams and slabs.
3. Gap-grading provides a unique solution to the depletion of
naturally occurring continuously-graded aggregates.
4. Gap-grading reduces segregation to a minimum and p ro
vides greater uniformity o f quality. Hence, quality
control of the concrete is much easier and better for a
given control effort. A sm aller value of standard devia
tion may thus be used for a required probability of failure.
5. Once compacted, the concrete has a higher resistance to
deformation in the fresh state as compared with tradi
tional concrete. This allows appreciably lower pressures
to be used in the design of form w ork, the value being
about 600 lb/ft^ fo r continuous pouring up to 30’ at a rate
of 10 to 15 yds^ /h r.
6. Because of 5. above, vertical form s can be stripped
within two hours o r less o f completion of the pour. This
allows exposed aggregate finishes to be produced in situ
and avoids the concrete at stop-ends having to be hacked.
No retarders or accelerators are necessary.
7. Any structural floor slab can be walked on immediately
after placing without the surface being deform ed. Hence,
any type of finish, such as grano, can be placed and
trowelled off immediately after the section has been placed
and compacted.
8. Because both shrinkage and creep are less in gap-graded
concrete, larger areas of floor slab or pavement can be
laid at one tim e, making crack control cheaper.
9. The advantages to be gained in p r e - and post-stressed
units due to reduced shrinkage, creep and increased
Young’s Modulus are obvious.
10. Gap-grading can im prove concrete blocks by virtue of
less shrinkage and reduce their cost as a result of lower

11.

12.

13.
14.

cement requirement.
Gap-grading is imperative for precasting exposed aggre
gate wall panels, as has been done for m ore than three
decades, to show the exposed aggregate m ore uniformly
and m ore prominently.
Gap-grading is the only logical grading for manufactured
lightweight aggregate which can be most expediently p ro
duced in equal size. Uniform size of coarse aggregate
is the mathematically ideal size for gap grading to save
the maximum amount of cement.
Gap-grading can reduce the cost of shrinkage-compen
sating concrete.
Gap-grading can considerably improve the physical and
mechanical perform ances of building components by
virtue o f lower shrinkage, lower creep , higher com pres
sive strength, and higher moduli of elasticity and rigidity
for the same cement content and the same maximum size
of coarse aggregate.
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CONCLUSIONS
To stretch the dollar for urban renewal and development at a
time of so much needed physical urban improvement under so
limited availability of public and private funds, the saving of
material costs can be under complete control of the engineer.
Because every type of urban renewal housing project needs
concrete retaining w alls, basements, floors, roofs, wall panels,
staircases, sidewalks, and even structural fram es, the reduction
in concrete cost constitutes a major factor in saving material
costs.
The extensive research results (1-11) and field observations
made by the authors have proved that gap-graded concrete, even
though with a relatively stiffer and d rier mix, could be placed and
finished without undue effort fo r all constructions wherein contin
uously-graded concrete has been used heretofore.
A considerable saving in cement requirement and significant
improvements in physical and mechanical properties are the
realistic advantages achievable through the use of gap-graded
concrete for urban renewal housing construction.
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ELECTRICAL WIRING FOR LOWER-COST HOUSING
by
Burns E. Hegler, Ph.D., P.E.*

INTRODUCTION

ficient of expansion and tendencies to flow under pressure and
break m ore easily than cop p er. All o f these ch a ra cteristics c o m 
bine to cause installation difficu lties at the term inations and the
sp lices in the aluminum w ire. Because of these p roblem s, m ore
expertise is required to install aluminum w ire.
This author was fortunate in being concerned with som e of
the fir st applications of aluminum w ire after W orld W ar II. The
first instance involved the electrica l w iring system fo r a ircra ft.
Aluminum w ire was tried because of the saving in weight. Stakeon o r crim p -ty p e term inals that w ere filled with anti-oxidation
compound failed under lab and operational testing and its use was
abandoned. This particular type of term ination is no longer used
fo r aluminum w ire . L a r g e -s iz e aluminum w ire for overhead,
underground and feeder cables using a special com pression -type
terminal has proved to be highly su ccessfu l fo r e le ctric utilities
and con tra ctors. (5)
One o f the prim ary reason s for the use o f aluminum w ir e ,
in addition to its advantages o f reduced weight and c o s t, was that
copper was in short supply due to w ars o r w orld econom ic c o n 
ditions. This w as especially true after W orld War II, the Korean
conflict and lately, during the peak of the Vietnam W a r. Such
conditions have subsided somewhat fo r the present; h ow ever, they
could return due to such things as Chilean s trik e s, Rhodesian
politics and a boom ing, fre e -w o rld econom y. So it rem ains for
the contractor and those in the construction industry to be w ell
inform ed about the capabilities of aluminum w ire . Complaints
about aluminum must be examined with ca re becau se som e o f them
may be old w iv e s’ tales.

The purpose of this paper is to review the present status of
ele c tr ic a l wiring that is applicable to lo w e r-c o s t housing and to
foreca st som e changes for the future. The m aterial fo r this paper
was obtained from current literatu re, interview s with people who
are involved in housing construction and personal observation s.
The 1968 report o f the Urban Study Committee of the A m erican
Society fo r Engineering Education (1) made several astute state
ments regarding housing that can be applied to the ele c tr ic a l
portion o f construction.
F ir s t , hom e-building technology has not advanced com m en 
surate with housing needs. A good example of this is aluminum
w ire which will be discussed in detail later in the paper. It was
introduced right after World W ar II but it still has many unknown
qualities that lim it its full use today. Other innovations that need
m ore developm ent are the substitutes fo r m etal in all types of
e le c tr ic a l m aterials.
Second, the amount of b a sic and applied resea rch that is
con cern ed with e lectrica l w iring is too sm all. It is encouraging
to note that research and development expenditures in the United
States a r e expected to be at a record $3 0-b illion in 1972. (2) This
is a m ild 7% in crease com pared to the large in crea ses that w ere
seen in the m id -fifties to m id -six ties. H ow ever, it is much better
than the 3.7% in crease in R&D expenditures in 1971. Expected
R&D in 1972 fo r the ele ctrica l and com m unications industry is
$ 4 .4 -b illio n . These figures a re from a survey by the magazine
Industrial R esea rch . A lso noted in the survey was a concern over
the problem s plaguing technology and the current hostility toward
technology by the public and Congress in the United States. P rog 
r e s s in the development of innovations in the e le c tr ic a l field are
d irectly related to these fig u r e s .
T h ird , those innovations that have evolved have not been
accepted well by industry and its allied portion of society . In
conducting the investigation fo r this paper, it was noticed that the
rural areas in the Midwest had not readily adopted such new
m a terials as aluminum w ire whereas the urban areas w ere m ore
inclined to take advantage of new ideas. H ow ever, in one large
m etropolitan a rea , the association of e le c tr ic a l con tra ctors will
have nothing to do with lo w -co s t housing. One lo w -co s t housing
p ro je c t was bombed while being constructed.
Fourth, a com plete lack o f uniformity in e le c tr ic a l codes
ham pers the application of innovative ideas. Codes in som e
lo ca litie s are nonexistent, others are too r e str ic tiv e . Such
v arian ces cause modular o r m obile home builders to design and
build fo r the ultimate code (3) and precludes the use o f new and
lo w e r -c o s t m aterial. This is true because these units must meet
inspection requirem ents w herever they are shipped.
Any significant im provem ent in the present status o f the above
item s could low er the costs at no d ecrea se in quality.

Since it is a recognized fact that la rg e aluminum w ire can
readily be used fo r distribution and la rg e feeder c irc u its , this
paper w ill concentrate on its employm ent in branch c irc u its . For
those who d e s ire to investigate all o f the p ossib ilities of aluminum
w ire, it is suggested that the refe re n ce s that are being used in
this paper be consulted.
The National E lectric Code 1971 (6) sets forth the c o r r e c t
w ire siz e s for d esired curren t capacities as it has in the past.
Typically the s iz e of aluminum will be one s iz e la rg er than its
current equivalent in c op p er. This may necessitate the use of
la rg er conduit o r outlet boxes but presen ts no physical problem s
o r increased c o s ts that are not offset by the low er co st of the
aluminum w ire.
The real trouble may occu r with term inal or splicing con n ec
tions. W alter R . Stone, Editorial C oordinator for the National
E lectrica l C ode, has stated (7) that m ost difficu lties with con n ec
tions result fr o m poor workmanship o r the u se of unsuitable
connection d e v ice s. The use o f a d ev ice that has con n ectors
designed fo r copper in aluminum w iring installations cau ses much
o f the trou b le. Aluminum expands and contracts alm ost 40% m ore
than cop p er. This cau ses the connection to becom e loose as load
is applied and rem oved which makes a p rog ressiv ely higher r e s is 
tance joint every time that it is cy cled and eventually cau ses the
connection to fa il. Since copper and aluminum are d issim ila r
m etals, ele ctro ly sis is also a prob lem , esp ecia lly in damp lo c a 
tions. A unique type o f co rro sio n can o c cu r. M r. Stone d iscu sses
several other aspects o f this problem in his w ritings in the F ire
Journal.
W .A . Farquhar, Chief Engineer o f E lectrical U nderw riters’
L ab ora tories, I n c ., reported (8) that failu res of aluminum con 
du ctors w ere not duplicated in controlled testing in the la b o ra to rie s,
so engineers went into the field . T h eir field review s dem onstrated
conclu sively that connections w ere not being made properly or
tightened adequately. W ires w ere either wrapped too far around
the connector o r not fa r enough. Failu res could be attributed to
poor workmanship or the use of the wrong term ination. Several
rem edial m easures have been taken.
Since May 17, 1971, all m anufacturers of N os. 8, 10, $nd 12
AWG solid aluminum w ire have been required to provide in stru c
tions with each package o f w ire that was sold (See Figure 1). The

REDUCING COSTS OF ELECTRICAL WIRING
Aluminum W ire
The substitution o f aluminum w ire fo r copper is one o f the
prin cip al means of reducing e lectrica l m aterial c o s ts . On large
con tra cts this procedure may cut the co st of w ire in half. E lec
trica l con tra ctors who are w iring many units of lo w -co s t housing
in m etropolitan areas have used aluminum w ire as extensively as
p o s s ib le . (4) The National E lectric Code allows the use of Alu
minum w ire but som e local codes exclude its u se. The reasons
fo r this disparity are explained in the follow ing paragraphs.
The problem s that have resulted from the use o f aluminum
w ire a re caused by its properties of rapid oxidation, la rger c o e f♦ A ssociate P ro fe sso r of E lectrical Engineering, University of
M iss o u ri-R o lla .
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to the reasons that were set forth in the introduction.
A good example is a recent low-voltage switching device (9)
for which its proponents claim a considerable saving for each
switching circuit. It uses a NASA-type flat conductor which is only
7 m ils thick for the low-voltage control of the high-voltage fixture
or outlet. It is particularly suitable for renovation of old construc
tion where it might be necessary to tear into walls and partitions to
install switching circu its. Its adhesive-backed conductor can
easily be adhered to the wall.
Many other innovations exist that have seen little use. Plastic
outlet boxes and conduit are used som e. More popular is the fiber
glass outlet box which is m ore resilient than plastic.

FOLLOW THESE INSTRUCTIONS CAREFULLY WHEN INSTALLING THIS
MATERIAL
Use Underwriters’ Laboratories,
Inc. listed wiring devices and
wire connectors.

Do not use push-in
terminals for aluminum
conductor.

Use the proper wire size as
specified in the National
Electric Code.
Always strip wire far enough
back so the wire will go at
least three-quarters of the
distance around a binding
screw.
When stripping, be
careful not to nick the
conductor.
Use correctly
sized stripping tool or strip
knife as if sharpening a
p e ncil.

(

ifV

NC

(

Wrap the wire at least threequarters of the distance
around a binding screw without
overlapping--then tighten the
screw as securely as possible.

CONCLUSION
Never use electrical tape
as a substitute for these
connectors.
Never use
unlisted crimp-type clamps
with twisted wire and
tape.

It is apparent that the cost of the electrical portion of con
struction may be reduced by using innovative materials and methods
such as aluminum w ire. It will be necessary to follow sp ecifi
cations closely and properly indoctrinate personnel when such
material is used. Designers and builders should look for innovative
ideas for reducing the cost of the electrical contract.

YES

YES

NO

NO
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LOW COST HOUSING IS NOT LOW STANDARD HOUSING
by
N. K. Gandhi

The problem of housing, including its cost aspect, has been
for several years under discussion, in Conferences and Seminars
held from time to time on International and National lev els. In
the year 1966 an International Seminar on “ Housing For Low and
Lowest Income Groups in Relation to the National Level of E co
nomic Development” was held in Tokyo, at the 20th World Congress
of the International Federation of Housing and Planning ‘ I .F .H .P . ’
Recently, in O ctober, 1971 a National Seminar on ‘ Cost Reduction
in Housing’ was held in India (Bombay) under the joint auspices of
the Life Insurance Corporation of India and the National Building
Organisation, New Delhi. There is , however, hardly any practical
solution to this problem in sight; day by day the same is assuming
m ore and more serious character and proportions and becoming
form idable.
Viewed from the point of “ c o s ts ” alone, the total expenditure
on Housing (calculated on the number of housing Units multiplied
by cost of each tenement, runs into astronom ical figures.
In India for instance, the back-log in Urban Housing alone is
estimated to the time of 80 million houses costing R s .3 hundred
thousand m illion s. In addition a million new houses wiU have to
be provided annually for growing Urban population, entailing fur
ther strain on the economy. Such figures of cost running into
billions have a frustrating influence on the Politicians, Economists
and the general m asses. The result is bewildermint, dismay and
inaction. One gets lost in statistical cobwebs and vision gets
b lu rred .
It may be pointed out in this connection that availability of
enough money resou rces wiH not, by themselves, ensure Housing
in adequate numbers and of desired standards. There are several
other contributory factors to be taken into account. Instances can
be quoted of developed countries having adequate resou rces but
with unsatisfactory Housing situation.
Japan, in spite of its present econom ic progress with its GNP
ranking third in the World and with its per capita income of $1300
a year is reported to be suffering from m iserable housing con
ditions. From information gathered by foreign correspondents
visiting Japan and as published in the Newspapers, the Housing
condition in that country is summarised* as below:
“ The average family lives in a drafty wooden house too small
for its needs; Suburbs are full of cramped apartments having the
depressing appearance of a prison c e ll. Many city dwellers share
communal toilets; less than 10% of houses have flush toilets and
m ost are not connected with a sew er system .
There is a concentration of people and industrial activity in
Tokyo-Osaka Narrow belt, 500 m iles long with consequent conges
tion pollution and blighting of landscape and proliferation of je r r y built houses that rapidly deteriorate into slum s. The wealth is
finding its outlet, in each fam ily spending on modern gadgets,
television sets, washing machines, refrigerators, vacuum clean
ers and cars. The Japanese people in spite of their wealth are
therefore confused, discontented and dem oralised. This situation
is ascribed to the ‘ grow now plan la ter’ policy of the businessdominated Government.
There is also a general im pression that poverty of the m asses
is the only cause of the bad housing conditions in developing coun
tries, which is not entirely c o rr e ct. Poverty of long duration and
the present econom ic condition of these countries may be one of
the main causes, but there are several other factors also that
have contributed to the present shortages in numbers and unsatis
factory housing standards. Some of these factors are: the climate,
hereditary laws, ways of life and the general outlook, political
system and so on.

A rticle by John Roberts - “ Heavy price of Affluence — Japan’s
many W oes” — Far Eastern Economic Review, reprinted in
“ Tim es of India” , April - May, 1971.
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In India, for instance, with its tropical climate people prefer
to sleep in the open and there is less need for a closed bed room ,
especially in villages.
Under the prevailing hereditary laws, the ancestral property
is divided and sub-divided amongst all the sons, unlike in the
Western Countries where only the eldest son is entitled to get his
father’ s property and other sons have to seek new accommodation.
Similarly under joint family system married sons and brothers
continue to stay together in the same house with their children; in
the West married sons and brothers have to seek separate housing
accommodations, before they get m arried.
The general outlook of the people is mostly of a spiritual and
not temporal nature. People are taught to feel satisfied with what
little they have or they have not.
There was thus neither the need nor urge or desire to have
m ore or better type houses. Besides India was under a colonial
British Rule for 150 years for the m ost part of the present Indus
trial Age. The Rulers had no aim or objective towards the im 
provement of the general living conditions of the subject people.
There was hardly any technological development and research.
Towards the close of the British Rule, owing to World War H
there was rapid urbanisation in the Country following establishment
of industries as war effort. Consequently the problem of urban
housing had already assumed grave proportions. There was con
gestion, proliferation of squatter’s colonies and acute housing
shortages in many urban areas.
After Independence in the year 1947 the National Government
with socialist ideologies had to take some urgent steps towards
relieving these m iserable living conditions in Urban areas. Be
sides with a view to raise the general living standards in the
Country, the Government launched the first Five Year Plan in the
year 1950, wherein great emphasis was laid on rapid Industrialisa
tion of the Country with consequent urbanisation. Added to this
was the problem of rehabilitation of m illions of refugees, due to
Partition.
Taking into consideration the econom ic condition of the people
the National Housing P olicy was based on three m ajor concepts:
a. a large amount of housing to be undertaken as Public
Housing - from public funds assisted by grants, subsidies
and loans from the Central exchequer.
b. rents of these housing units to be subsidised so as to be
within the rent paying capacity of the occupants and
c . Employers to be made responsible for providing houses
to their em ployees.
The thinking behind the last concept was: urbanisation was a
direct result of employment opportunities provided by different
em ployers both in the public and private sectors and especially
industrialists; it is also the duty of the em ployers to look after
the Welfare of their em ployees; hence the employers must be held
responsible for providing Houses to their staff.
Unfortunately, the Socio-econom ic impacts on a long term
basis as a result of these housing policies were not fuHy under
stood or visualised.
The Public Housing P rojects w ere taken in hand as ‘ low c o s t’
Housing Schemes, in order to reduce the subsidy on rent - (The
difference between the econom ic rent and the rent actually charged.)
But the low cost of a housing unit was sought to be achieved by
lowering Housing Standards and specifications of m aterials as weU
as denial of som e essential amenities and not with the use o f skiU
or ingenuity in the design with the help of modern technological
research. Consequently, ‘ low c o s t’ housing in the Country has
come to be regarded as synonymous with ‘ low standard’ housing.
Many such low cost housing units have been constructed in
several urban areas for the use of “ Industrial W ork ers” , “ Low
Income Groups” , “ Middle Income G roups” , through Goverrfment
sponsored Housing Boards established in the different states of
the Indian Union.

The employment based Housing, by its very nature, has to be
designed on status-cum-pay standards duly segregated and strati
fied and in exclusive surroundings thus lacking in mixed type of
development. Each heavy industry has its own exclusive New Town;
the New Capital Towns, including Chandigarh, are also similarly
planned, designed and constructed. In existing urban areas there
are exclusive pockets of housing, each separate for central Govern
ment, State Government, local authorities, Public Undertakings
and also for Industrial Units. The whole urban development there
by becom es a conglomeration without any social cohesion. Another
feature of this employment housing is that it is only for the duration
of employment. With the loss of employment, there is loss o f the
shelter also. There are in consequence many awkward situations
created — especially when top ranking persons of status - M inisters,
Secretaries, Directors of Industrial Undertakings, etc. are in
volved. The main character o f development becomes of a bureau
cratic type lacking in free mixing of the employees either amongst
themselves or with the m asses.
As a result of this policy a very large proportion of new hous
ing in the Country, especially in major new and old urban areas
since independence has been executed as ‘ public housing’ having
some common features as below:
a. In addition to subsidy a great deal of expenditure has to
be incurred annually on estate management, repairs and
maintenance. The expenditure on maintenance and repairs
of ‘ low cost’ housing being o f ‘ low quality’ is very high.
b. The housing is done on a mass scale on stereotyped de
sign and with monotonous repetitions. And
c . At the top there are luxurious and prestigious expensive
houses and at the bottom there are veritable slum s.
The origin of this employment based housing can be traced to
the British Policy in India and its subconscious influence. The
British established separate and exclusive colonies known as
‘ civ il lin es’ for housing all top ranking White Administrators and
O fficials in all D istrict Towns and Metropolitan areas. A s rulers
they did not want to m ix with the m asses. This aspect of devel
opment was hardly visualised or understood while pursuing the
policy of employee housing in the new political set up.
In their own country, however, the British Government are
looking upon housing as a ‘ Social Service’ . It is true that large
scale housing in the New Towns or in Urban areas in U .K . is done
as public housing. But this public housing is neither ‘ low cost
housing’ nor ‘ Employee Housing’ as in India. The standard of
accommodation is based on the needs of the family - according to
family sizes, one bed room for each adult. In allotting housing
units, the size of the fam ily is taken into consideration and not
status, salary or employment of the head of the family. The rents
charged are however related to the incom e. Young fam ilies with
small children are provided in independent houses with gardens;
while flats in m ulti-storied construction are for families with
grown up or no children. Provision is also made for ‘old peoples’
hom es. ’ The housing is of mixed type in pleasant environments
and around a nucleus o f social facilities. A ll the housing units are
constructed with the best available material and to standard speci
fications, economy being achieved with the help of scientific re
search, ingenious designs and layouts. Therefore, the cost of
maintenance and repairs to these houses in the public sector is
the minimum. The British are proud of their housing achieve
ments. They have long adopted a policy of ‘ better no house than
to have a sub-standard house’ .
It would also be worthwhile to recount how the ideas o f housing
have progressed in that country. As a reaction to the miserable
living conditions of the people towards the end of the last century,
some philanthrophic industrialists like the Lever Brothers and
the Cadburys established ‘ Red Lamp City’ and ‘ BourneviUe’ as
Industrial Towns for their respective w orkers. This experiment
was not however continued for long. After the first world war,
and during the inter-war years there were 4 million new houses
constructed in different urban areas by the local authorities as
‘ Council Houses’ for Industrial w orkers. As these separate col
onies did not assimilate with the general development of the Town,
this type of development was also abandoned. Ever since the last
war the British are following the policy of social housing as de
scribed above.

Different countries are following different housing policies
based on their political ideologies, availability of resources and
general approach.
In U .S .A . with their free econom y, housing is looked upon as
a purely business proposition. Most of housing is provided by
private developers. Large funds are available for development
with ample building materials and implements so that housing units
are generally of a very high standard in beautiful environments and
around nucleus of amenities - like swimming pools, tennis courts
and garages. There are bus facilities to connect these colonies
with the super bazaar and a Highway for rapid automobile trans
port to the working place. The only public control over develop
ment is in respect of zoning and subdivision with no conception of
regional planning. In addition many old houses in the downtown
areas are being improved and refurnished. The whole pattern of
development in U .S .A . is aptly described2 as *a rotting core ringed
by affluent Suburbs. ’
In U .S .S .R . a gigantic programme of mass housing has been
executed both in urban and rural areas with millions of ‘ flats ’ in
urban areas and ‘ houses’ in rural areas. This huge programme
has been made possible by making free use of pre-fabricated build
ing components and mechanised process of construction with tens
of thousands of excavators, bulldozers, cranes, auto-loaders etc.
The new residential areas have schools, poly-technics, libraries
and playgrounds etc. But it has already been recognised in that
country that all this housing on a mass scale is devoid of any local
character. The need fo r associating local talent in planning and
design of houses so as to suit the particular local conditions is now
keenly felt and some steps for associating local talents in these
projects are already under way.
China is also reported** to be busy with big housing programmes.
Shanghai with 6 millions of population is said to be a ca r-less city,
depending mainly on public bus transport and cycles. Housing is
generally provided consisting o f 2/3 room tenements in 3 to 5
storeyed buildings but having common kitchen and toilets for three
fam ilies. This sort of arrangement may be found workable, only
in a ‘ State ordered’ society like China. In India even a common
water tap to be shared by a number of fam ilies is not found ac
ceptable .
The I .F .H .P . Seminar^ on low cost housing in Tokyo while
recommending ‘ higher standards of housing’ for developed coun
tries have actually recommended, for developing countries, ‘ Low
Standard o f Housing taking into account what condition they re
place’ . Further it is also recommended that efforts should be
concentrated on sub-division of housing lots, installation of water
and sewer and construction of public latrines. House construction
itself should be left to members of fam ilies by contributing family
labour. It is recommended that the aim should be to have ‘ planned
slums’ .
This is nothing but a negative approach and counsel of despair
to the developing countries. Have the developing countries no
resources and should the people never aspire for better standards
of living and housing? Instead of giving constructive suggestions,
guidance and help to these developing countries so as to mobilise
their potential resou rces, the only advice the world body could
give is to continue to have slum type housing for the general
m asses. This is simply denial of human rights.
There are innumerable social benefits resulting from good
housing in pleasant environments and it should not really be beyond
the competence of any nation whether developed or undeveloped,
to achieve the desired objective. Two things are essential Firstly proper national housing policy has to be adopted and fol
lowed; secondly the problem is to be tackled on fundamental con
siderations.
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Economic Review and Tim es of India, Dated 28.10.71.
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Report Published in 28th W orld Conference of I .F .H .P .

National Housing policy may, inter-alia, contain some of the
details as mentioned below:
1. ‘ Employee type housing’ may be provided only for essential
personnel such as P olice, Fire Fighting and Defence Ser
vices - where service conditions by their nature require
mobilisation of personnel at a bugle call.
2. In public housing projects, minimum housing standards
should be prescribed along with the minimum specifica
tions of m aterials. It may be difficult to aim at the
standard based on one bed room per adult as in U .K . or
other developed countries. However every house should,
at least, have one bed room with independent kitchen and
toilet. Communal toilets present problem s of maintenance
and privacy is disturbed. Use of proper m aterial and
specifications will entail less maintenance and repairs
cost.
3. A ll encouragement should be given and maximum em 
phasis laid on ownership housing. Thereby a) burden of
maintenance and repairs on public funds w ill be lessened;
b) a mixed and balanced type of development w ill result
and c) sense of belonging will create civic interest.
M ere facilities usually given to the intending house owners by
way of financial assistance and loans w ill not however ensure the
desired results. Similarly building readymade houses out of pub
lic funds and selling them to those in need is also not a good policy.
Most of these readymade houses are built on a mass scale on
standard design and there is hardly any scope for individual ch oice.
In some cases the tenants are forced to buy their accommodation
which eventually means forced adoption of a child on unwilling but
helpless parents! C orrect policy should be to afford all facilities
for housing and not readymade houses for letting or for sale. In
this way work w ill be distributed amongst different Architects &
Engineers, thus on the one hand affording employment to these
technically qualified persons and on the other scope for varied
designs o f housing units adding interest and econom y.
Secondly real overall econom y in housing w ill be ensured if
proper attention is given to fundamental components of housing
projects viz. 1. Land, 2. Building M aterials; 3. building la
bour; and then financial help.
LAND
Land is the basic raw material required for housing. Ex
plosion o f land value of urban areas has been one of the main
stumbling blocks, in executing housing p rojects. Various pro
posals fo r freezing land values have been under contemplation.
They range from Nationalisation of the whole of urban land, put
ting ceiling on urban properties, raising taxes on open land, etc.
What is essentially required is to make available ample land ripe
for development — with roads, drains, sew ers, water supply and
electricity .
There are generally three methods o f carrying out urban de
velopments. Firstly, Public Authority acquiring land, developing
it with roads, other services, dividing the remaining land into
different plots to be leased to the different urban areas as ‘ im 
provement schem es’ . This method entails big financial outlays
in purchase and development o f land and there is also a time lag
between purchase and r e -sa le , and thus involves a big financial
outlay. Besides, the development in all urban areas cannot be
done on the basis of acquisition. This would mean stopping all
development by private persons outside such Improvement Schem es.
The second method is to allow private development, the local
authority exercising control under municipal bye-law s and rules.
There is an anomaly in this development whereby plots in developed
localities remain idle while those in rem ote places without any
public services have to be allowed to be developed provided they
comply with the Municipal bye-la w . Each developer in remote
areas has to spend for these serv ices; expensive straggling type
of development results and the residents are denied facilities of
Public Transport, Schools, Markets, etc. As a matter of policy
no development must be allowed on any plot, unless it is ripe for
development, with roads and services.
The third type of development is by having Town Planning
Schemes for different small a rea s. In the Town Planning Schemes
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the advantages are that part of the development cost is recovered
from the owners o f plots, and areas for public purposes like roads,
open spaces, gardens, etc. can be reserved and plots can be r e 
constituted in regular shapes. This however, takes a long time
and the working is also very cum bersom e.
Some practical method for ensuring rapid but orderly urban
development without having to undergo any complicated procedure
has to be formulated. This may be of the nature as explained
below:
1. Firstly, areas in urban lim its each sufficient for a
Neighbourhood Unit should be selected on priority basis
fo r development, no development being allowed outside
these priority areas.
2. A plan with roads and amenities for the population to be
housed in this area should be prepared irrespective of
ownership for this area.
3. The whole land should be pooled together and then red is
tributed amongst the original owners on pro-rata basis,
the public authority being considered the owner of the
land for roads and public purposes.
4. An estimate of works involved in the construction of
roads, sew ers, drains, water supply, electricity, e tc .,
should be worked out and cost distributed pro-rata
amongst the owners and the public authority.
5. The public authority should do the work of construction
of roads and services after collecting the contribution
from the different owners along with its own contribution.
6. The owners should be compelled to develop their lands
within a certain specified time, failing which the plot
could be acquired at the market value on the date of
initiating the scheme and placed at the disposal of any
housing co-operative or any other public agency.
This should ensure a disciplined and orderly development
together with all public am enities. The original owners w ill not
be dispossessed of their land. They w ill be benefitted as their
land wiU be rendered ripe for development, which w ill enhance its
value. This w ill have also indirect check on the land values which
float in all directions in the whole urban area as per the zoning
and sub-divisions rules.
For effecting this sort of development what is required is
persuasion, co-operation and education along with some simple
legislative provision. This is not a new idea. In Germany this
method, known as ‘ Lex A dickes’ , has been in vogue for a very
long time with very beneficial results in orderly and interesting
development of many urban areas in that country.

BUILDING MATERIALS
Availability of proper quality of building m aterials in adequate
quantities is the second essential requirem ent. Use of prestressed
concrete products and mechanised implements may perhaps help
speedy construction of houses. In developing countries they may
not be so helpful. The basic building material for housing is
‘ b rick ’ and every effort must be made to produce bricks in ade
quate number and of standard quality.
There are various reservoirs form ed by impounding rain
w aters. These reservoirs get full in the monsoon and in the dry
season the water recedes, leaving ample silt which should pro
vide an ideal raw material for the manufacture of bricks. In the
succeeding monsoon the portions excavated w ill get filled up and
thus there w ill no scars left as is the case when earth is excavated
from level ground for manufacturing brick s. In addition to bricks,
if ready-made components for windows, doors with fittings and
fixtures etc. are provided of standard quality and the required
number, it will considerably help econom ising on construction
cost. In these days of technological and industrial advancement it
is no use harping on the use of ‘ lo c a l’ material for building. Ma
terials like cement and steel, glass, etc. cannot be dispensed with
in modern construction.

BUILDING LABOUR
In every country there are special facilities available for
training skilled workers to work on machines in factories. No
adequate attention however, is being paid to the necessity of hav
ing skilled workers in the building industry, such as brick layers,
masons, concretors, plasterers, pavers, e tc . For want of these
skilled workers the quality, speed and economy of housing con
struction is adversely affected. To save on the labour cost ‘ selfhelp’ housing with the use of family labour is many times advocated.
This pre-supposes that no skill is required in building construction
which is evidently not correct. This is a wrong approach. Un
employment is a big problem, especially in developing countries.
Housing is a labour incentive industry. At the same time to ensure
and increase productivity it is absolutely necessary to provide
training to the skilled and unskilled workers in the different build
ing trades.
Finally as regards finance, the aim should be to minimise
financial burden on the intending owners. Not only the interest
rate must be less but the repayment facilities should also extend
over quite a long period. The calculations should not be based on
simple econom ics of investment and returns. There are many
invisible social returns on good housing. Besides if proper cal
culations are made, it can be proved that the amount spent on
subsidies and maintenance, estate management e t c . , costs on
public housing w ill be much m ore compared to the loss, if any,
on account of low interest loans being afforded on long term basis
and with easy payment facilities.
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In conclusion, what is sought to be emphasized in this Paper
is that the problem of housing has to be tackled on fundamental
considerations and social values. Housing is not m erely provision
of h ouses; the family and community needs and requirements of
the dweUers have to be taken into consideration and provided for.
The capital cost of Housing Projects is not the only cost, eco 
nomies on long term basis have to be ensured. For this reason
the costs on land development as well as on management, repairs
and maintenance of buildings cannot be overlooked.
M ere platitudes and prom ises w ill not help in solving this
problem . The housing policy has to be based on pragmatic con
siderations. Emphasis has to be placed on ownership housing.
Enough land ripe for development with adequate building material
of proper quality and sufficient number of skilled and unskiHed
building labour w ill have to be ensured. Helped further by loans
on easy payment facilities with low interest rates, the tempo of
house building of proper quality is bound to increase. This will
be the real solution to the Housing Problem .
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COMMUNICATING HOUSING NEEDS AND STRATEGIES

by
Bruce Yandle* and Herbert Busching

INTRODUCTION
Housing shortages o r inadequacies may be viewed as a p r o 
blem of resource allocation. The goal of providing basic shelter
to society has been espoused by governmental bodies at every
lev el, and with the acceptance o f the goal have com e numerous
governmental programs and budgeted funds. Thus, in an econom ic
sen se, a supply of basic shelter exists. On the other hand, there
are well-known, and well-documented housing needs. And though
these needs may not be represented as effective demand in the
private market, they are nevertheless recognized. There is then
a “ su pply" and “ dem and" situation which exists in society’ s
effort to “ limit the domain of inequality" in housing. (1) Good
information is necessary for the proper functioning of any market.
Somehow demand and supply must be brought together.
Large segments of the w orld’ s population live in inadequate
housing. Significant capability for improving housing often resid es,
however, with persons who are well housed and not exposed to the
plight of less fortunate persons. Conversely, those who are poorly
housed (See Figure 1) are often unaware of strategies that can be
employed to improve housing. Mobilizing all available resources
of the well-housed and poorly-housed appears to be the best way
to increase housing. This approach includes involvement not only
of financial resources but attitudinal, technical, and educational
resou rces as well.

Although South Carolina’s entire population (2,590,000) is
less than that of some of the m ajor urban areas, it is neverthe
less a region where a demonstrated need exists for low -incom e
housing. Of 804,755 year-round housing units in the state,
491,144 (61%) of these units are outside standard metropolitan
statistical areas (SMSA’ s), indicating that a large percentage of
the state’s housing stock is non-urban in character. (2) Provision
of good housing in non-urban areas can be effective in reducing
rural-to-urban migration which has already taxed many of our
m ajor c itie s ’ housing. (3)
Housing problem s are com plex and involve m ore than just
shelter. The services required to upgrade housing such as trans
portation, water supply, sanitation and education must be com 
municated as a part of any solution to the problem . Otherwise,
good housing will not result. Clouded titles to land, poor drainage,
large family size, inadequate income and other constraints make
it difficult or im possible to procure housing. The literature is
replete with plans and comments on housing and urban conditions
(4) and statistics on housing production and demand. (5)
The 1970 "housing census (2) indicates that 149,300 units in
South Carolina lack some or all plumbing facilities. Hence, these
units together with those which are deteriorating and those which
will be needed to satisfy population growth in the Stage com prise
a significant statistic. Some program s have reflected this need.
During the past y e a r, subsidy program s of the Farm ers Home
Administration fo r low and moderate income fam ilies have p ro
vided greater support for housing in South Carolina than in any
other state. The availability of this and other program s must be
publicized where there is a substantial housing need.

PROGRAM DESCRIPTION
To reach the largest possible target audience, the program of
community service involved a number of activities, including the
production of two thirty-minute film s for use on the statewide
educational television network. The film s are also suitable for
use on com m ercial stations where public service time is available.
The first film delineates by interview and narration som e of
the housing problem s that confront South Carolina fam ilies.
Persons from all areas of the state w ere visited, interviewed, and
in many instances photographed by a motion picture crew from
Clemson University. The sound-on-film monologues provide
evidence of housing problem s confronting fam ilies. Clouded
titles, unsanitary conditions, lack of plumbing facilities, and
difficulty in obtaining housing w ere cited as problem s by persons
who were interviewed.
Interviews w ere arranged with assistance of Clemson Univer
sity ’ s program aides who did field work in several South Carolina
counties to improve diet and nutrition. A flow diagram for plan
ning the meetings is shown in Figure 2. The project investigators
first met with program aides to fam iliarize them with the housing
education program ’s objectives and to solicit their assistance with
filming. These meetings involved approximately 15-20 program
aides at each location. The project investigators asked those p ro 
gram aides who had time to assist with housing education to
schedule an initial meeting with fam ilies who would be potential
subjects for film ing. Within a day or two appointments with inter
ested fam ilies w ere made.
The initial visits involving fam ilies and film makers were
intended only to introduce the subject fam ilies to the objectives
of the film and to request their participation. Some fam ilies de
clined to assist in filmmaking, but the majority w ere most coop er
ative and assisted in developing the filming appointment schedule.
Not all the participants who w ere photographed could be used in
the film .

Fig. I. This house lacking sanitary facilities and running water formerly rented for $6
per month, but provided shelter for a family who could not afford other housing.

Communicating housing needs and strategies for any regional
or political subdivision is a requisite activity in any major p r o 
gram of improvement and can stimulate improved low er-cost
housing. This activity has received attention in South Carolina
through a program of community service and continuing education
carried on by staff of the State’ s land grant university. An
IMPACT project funded at Clemson University under Title I
(HEW) of the Higher Education Act of 1965 has been directed
toward making m ore persons in South Carolina aware of housing
needs and strategies. Activities of the program have utilized
Clemson University’s resou rces in education, research, and
especially those resources in extension services.

* Assistant P rofessor, Department of Econom ics, and Associate
P rofessor, Department of Civil Engineering, respectively;
Clemson University, Clem son, South Carolina.
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The project directors performed limited statistical analyses
in an effort to identify som e of the linkages which might explain the
presence of substandard housing. Linear regression models were
developed and their results were used to gain further insight into
the problem.
Whereas the first film depicted problem s prevalent in some
areas of South Carolina, the second film , also approximately 28
minutes long, described existing strategies that could be used to
improve housing. Although specific program s were not mentioned
by their technical names, the general features of these programs
and examples of their successful implementation in South Carolina
were discussed and shown.
Programs that were described included home ownership and
rent subsidy programs of the U .S. Department of Housing and
Urban Development and the Farmers Home Administration’s pro
grams of home-ownership for low and moderate income families
and their loan programs fo r home improvements. The script for
this film was written by the project directors and coordinated with
the Governor’s office.
Strategies for improving housing w ere also described in the
second film . The functions of local or regional housing authorities
were discussed since these often provide the first step toward an
organized effort to improve housing. Emphasis was placed on the
importance of planning and its relationship to housing. Non-profit
sponsors and housing foundations which have tax exempt, non
profit status can also be instrumental in increasing the supply of
sound housing.
In a very real sense, technological change has occurred in
housing. Though seldom recognized as a technological advance,
the mobile home has provided a major breakthrough in low -cost
housing and for many fam ilies, mobile homes provide a significant
improvement. Clean, warm housing can be substituted for old,
drafty homes.
Public housing projects and subsidy programs involving rent
supplements can effect substantial improvements in housing,
particularly in cities. Homeownership remains a paramount goal
for many fam ilies, however. In South Carolina, the Farm ers Home
Administration is a very active organization in home finance for
non-urban areas. Families with low o r moderate incomes who
qualify for Farmers Home Administration loans may have a large
portion of the interest c o st reduced and may be able to move into
a new home with only a small down payment. The Farmers Home
Administration has an office in each county in South Carolina and
information about their many program s and loans may be obtained
from these offices.
Housing is the most expensive item for any family and persons
with low incomes have an especially difficult time in obtaining and
maintaining sound housing. Information about housing is available
from most realty companies as well as from banks and savings
and loan associations.
Because a major portion o f the project involved housing edu
cation, the film s were made available to any group interested in
housing. In some instances the project investigators used the
film with introductory and concluding remarks as the basis for
educational meetings with a number of groups including the League
o f Women V oters, the American Association of University Women,
various civic clubs and churches and the regional planning com 
m issions. Copies of the film were purchased by the Governor’s
Office and used independently in other housing meetings throughout
the state.
Another aspect of the project involved bridging the information
gap in communities where housing was most needed. This portion
of the project was implemented with cooperation from nutrition and
housing aides employed in several counties to improve nutrition,
use of food stamps and housing. Each fulltime program aide,
employed by the Extension Service o f Clemson University, con
tacted, on a regular b a sis, approximately 60 to 120 homemakers in
predominantly low -incom e fam ilies. Each program aide attended
a short class offered by the housing educators regarding strategies
for improving housing in the counties in which they worked.
Packets of educational materials for the aides were distributed
at orientation meetings. Since the aides already called on many
households where there was demonstrated need for new housing,
it was important to provide them with a means to deliver a ssis-

Fig. 2. Flow diagram for meeting program aides and photographing families for the
educational films.

Following the initial familiarization appointment, the film
crew returned to photograph and record the subjects. Figure 3
shows som e of the crew at work. Sound-on-film and silent film
were used. Workprints o f the developed film w ere made and
viewed by the project directors after interviews were completed.
Approximately eight minutes o f film were made for each minute of
film used in the finished motion picture. The script was written
and edited after the workprint was reviewed and a professional
narrator was employed during the final phase of production.
In order to identify those areas in South Carolina where hous
ing was most needed, data accumulation and research was an im
portant part of the project. Questionnaires w ere designed and
mailed to the mayors of every town and city in the state having a
population of 5,000 or m ore. The responses to the questionnaires
were then compiled and used as background information for film making as well as for reports which were made available to state
and local governments. Advance computer printouts from the 1970
Census of Housing were purchased and analyzed to determine
housing conditions and trends across the state.

Fig. 3. A cameraman and recording technician (foreground) were some o f the pcnonne!
involved in producing two educational films on housing needs and strategies.
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mation and to key individuals in the State’s housing program .
A M aster’s thesis was written by a student in econom ics using
data supplied from the project as the basis for studying the filtering
concept. (7) Students in city and regional planning participated in
a six-county housing study under the direction of project team
mem bers. In addition to these activities, the project provided
materials fo r two continuing education program s conducted on the
Clemson campus.
The interest in housing problems generated by the project has
led to two research proposals which deal with a systems approach
to the provision of low -cost housing, and an investigation of the
linkage between housing and employment. In efforts to communi
cate the problem of low -cost housing to others, the project staff
have assisted many persons to make additional progress toward
understanding the housing problem and its solution.

tance. Small home improvement loans, self-help housing, interest
or rent supplement housing were described in brochures and at
meetings fo r the program aides. Full utilization of existing p ro
grams administered through the U.S. Department of Housing and
Urban Development and the Farm ers Home Administration was
stressed. As auxiliary activities, newspaper articles relating
local housing census data were made available to several counties.
The project investigators also assisted in the production of a
short film on a low -cost method of erecting walls using su rfacebonded concrete blocks. In this method, concrete blocks can be
stacked without placing mortar between the blocks. A coating of
a mixture of cement, lim e, glass fib ers, calcium stearate, c a l
cium chloride and water is troweled on the interior and exterior
surfaces of the block. After curing, the blocks can be painted or
finished conventionally.
This film , together with a demonstration of surface bonding
techniques, was shown in several coimties to hom ebuilders’
associations. The technique can be used by unskilled laborers
with som e experience to erect concrete block walls. Because no
mortar is used, it is possible to erect walls in less time than
required by conventional construction techniques. The bonding
mixture, containing calcium stearate, waterproofs the walls in
most locations.
The technical aspects of constructing surface bonded walls
were readily understood and m ost builders expressed considerable
interest in this type of construction. Surface bonding was offered
as a possible construction technique to be used by homeowners
involved in self-help projects. (6)
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A MEANS OF RATIONAL COMPARISON BETWEEN VARIOUS TYPES OF LOWER COST
HOUSING WITH SPECIAL REFERENCE TO THE EFFECT OF BUILDING CODES THEREON
by
George S. Birrell, A .R .I.C .S ., Dip. Mgmt.*

INTRODUCTION

and compared against the others and the prevailing econom ic c li
mate.

This paper is based on research arried out by the author on
the analysis of future draft building codes (1, 2, 3, 4) to study the
simplification of their structure and increase their effectiveness
for all types of housing. A supplementary component of the r e 
search was the perform ance/specification issue in building codes.
However, this discussion w ill begin with a brief examination
of the sources of housing production costs and a conceptual de
cision making process to achieve the housing production process
with the lowest cost. The relationship of lower cost housing to
the structure of building codes can then be viewed m ore objectively.

HOUSING PRODUCTION PROCESSES
To categorize housing into types being produced today means
classifying a considerable variety of end products. Classifying
housing by its relationship to its degree of cost requires the use
of the criterion of “ Production P r o ce s s ” , as it is there that the
intrinsic costs are created by the consumption of resou rces.
As analyzed by the criterion of Production P rocess qnd for
simplification of discussion there can be considered to be four
m ajor groups of contemporary types of housing in the United States.
These are:
(1) Traditional Housing (Site Produced and Assembled
Components)
(2) Industrialized Housing (Factory Produced and Site
Assembled Components)
(3) Industrialized Housing (Factory Produced and Assem bled
Panels, Components and Modules) and
(4) Mobile Housing (Factory Produced and Completely A s
sembled Units)
These form the spectrum of Production P rocesses which are
used for housing. Each process is a point on that spectrum . In
reality, it is usual that any chosen production process is a blend
of more than one of the above p rocesses.
The conceptual all encompassing housing production process
is now described and each of the above four individual processes
mapped thereon.
This individual process mapping clearly shows:
(1) that the physical end product being consumed could be
the same for all production p rocesses.
(2) where the various production processes are sim ilar
(3) where the various production processes vary and there
fore may cause quantum changes in cost, one to another.

THE COSTS OF HOUSING
The cost of housing is being considered as cost to the pur
chaser as a capital sum (or equivalent capitalization of rent from
a period of time) of a house ready for use. The cost of various
prerequisites such as land and financing are not being considered
here. Stated conversely, this can be expressed as the producer’ s
price of a house in the market place, at that location, at that time.
Examining what constitutes Cost in housing can be traced to
two m ajor aspects.
(1) The intrinsic aspects - minimum consumption of produc
tion resources, (labor, capital and management e t c .)
measured in money term s and
(2) The extrinsic aspects - factors which influence the choice
of the most appropriate production p rocess, e .g . number
of houses in the project, the location of the project, the
comparative degree of availability and price of labor and
capital, etc.
As an example of the effect of the extrinsic aspects on the
level of cost, it would be difficult to achieve low cost housing using
highly industrialized, capital intensive factory production, in a
situation where labor is plentiful and cheap and capital is scarce
and costly. The converse is also true. (A decision on this issue
may be different if the duration of production varies widely be
tween the two processes and is being considered as a component
of the making of that decision .) An example involving the more
marginal decision of choosing between two types of industrialized
housing probably will rest m ore on the estimate of the longevity
of demand for a single type of product and the flexibility capacity
of the different types of capital equipment, rather than the intrinsic
cost of production of the houses. These examples show that the
broad outline of the cost of housing production is set by these ex
trinsic aspects of the production process rather than the intrinsic
costs of consumption of resou rces.
Thus, which Housing Production P rocess wiH give the lowest
cost of housing will be based on what process consumes the mini
mum amount of resources, measured in dollars, within the context
of the prevailing extrinsic aspects of the situation. This w ill be
further qualified by the point of time of the decision and the con
ditions anticipated to prevail over the planned duration of the pro
duction process.
However, the extrinsic aspects and the intrinsic resources
to be consumed are all part of the same economic environment in
which production is to be carried out. In setting up the production
process, the decision maker is attempting to minimize his costs
by selecting the production process from the most appropriate
available subprocesses. These subprocesses should be compatible
with that existing economic environment and able to be linked
together to form an overall efficient production process.
To facilitate the evaluation of various production processes,
a conceptual all encompassing production process is required.
Upon this framework, each individual production process is mapped
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The conceptual all encompassing housing production process
diagram has two axes. The vertical one displays the stages in
the process of production and the horizontal one displays the
groups of subsystems of the whole end product. It should be
borne in mind that not all matrix core elements will be incorpo
rated in each production process.
The stages in the process of production are:
Aa. Materials - Raw Materials and components at the sup
plier or wholesaler e .g . bricks, aluminum windows.
B. Off Site Production, Ba Components - The components
bought in or made in the factory from raw materials, for in cor
poration in the factory built house e .g . tim ber stairs complete
with treads, risers, stringers and blockings.
Bb P rocess - The putting together of components into large com 
posite units e .g . panels or cubical modules which constitute either
whole houses or parts of whole houses, e .g . a mobile home or
section of a modules house.
Ca. In Transit - The transporting of raw materials, com 
ponents and modules from the factory to the erection site, e .g .
trucking or railing housing modules or raw m aterials.
D. Temporary Storage, Da Before Transit - Storage at the
factory prior to transport to the erection site, e .g . mobile homes
waiting for trailers.
Db In Transit - Storage en route to the Erection Site if the journey
is of considerable length e .g . house modules or aluminum windows
on flatbeds in a railway siding.
Dc After Transit - Storage on the Erection Site prior to erection
and if other parts of the project are delayed, e .g . mobile homes
being stored prior to completion of site serv ices or bricks stacked
on the site.
E . On Site Assem bly, Ea Components - The components (1)
bought in or (2) made on the site from raw materials for in cor
poration in the house e .g . bricks, aluminum windows, shingles.
Eb P rocess - The putting together of components and raw mate
rials in the construction of the house, e .g . building brick walls.
F . Site Development - The process of creating all the nec
essary services for the house which are situated outside the house
e .g . water services, sew ers, roads, landscaping etc.
G. End Product in Use - The physical end product which
expresses, provides and contains the abstract bundle of services
e .g . privacy, warmth social status etc. which the customer de
sires and buys e .g . a traditional house or mobile home.
The group of subsystems of the whole end product a r e :
1. Site Infrastructure - The services and constituents of
housing which are outside the physical house, e .g . water services,
sew ers, roads, landscaping, etc.
2. Link to Site - The part of the whole end product building
which forms the link between the living accommodation and the
site and which will vary fo r similar Main Units on different sites,
i . e . the part of the building below the upper surface of the struc
tural ground floor o r its equivalent, e .g . the brick, timber or
concrete substructure to modular housing.
3. Main Unit - The part of the whole end product which form s
the usable living spaces situated above the upper surface of the
structural ground flo o r or its equivalent, e .g . a mobile home.
4. Fabric - The parts of the Main Unit made up of the sub
systems which form the physical enclosures and dividers of the
usable living spaces e .g . walls, roofs, flo o rs and
5. Services - The part of the Main Unit made up of subsys
tems which create, move and output the requisite services to
each of the usable living spaces e .g . HVAC ducting, electric
lighting outlets.
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Fig. 2. Mapping o f Individual Housing Production Processes on the Conceptual Model

BUILDING CODES AND HOUSING
In considering the impact of Building Codes on Housing the
primary factor should be the principle of the function of Building
Codes.
The Building Codes should provide a safety filter between
each building and the community. This safety should be:
(1) Safety of the community from the building, which implies
protection of
(a) all the people in the community, including the resi
dents in the building (even though those residents
may own and have created the building) and their
possessions and
(b) all the other buildings in the community and
(2) Safety of the building from the community im plies pro
tection from
(a) all the people in the community and
(b) all the other buildings in the community.
In principle, this protection should state the safety standard
required of each of the subsystems of each building to provide
adequate protection from the functioning of that subsystem. When
setting the safety standard fo r each functioning subsystem, con
sideration should also be paid to the degree of safety of each sub
system in a state of partial o r complete failure. The effect of
the juxtaposition and interaction of subsystems in each of these
states should also be considered in setting of these safety stand
ards.
A prerequisite o f these safety standards for subsystems is
an analysis of housing into meaningful subsystems as groups of
subsystems.
On examination of Building Codes it is found that even in the
most recently proposed draft national codes for the U .S. that there
are two major and different documents
(1) for normal housing and
(2) for mobile hom es.
This segmentation is made more complex by each document being
(a) of a different composition of criteria and safety standards
from the other and (b) a mixture of performance and specification
type clauses.

MAPPING OF INDIVIDUAL HOUSING PRODUCTION PROCESSES
ON THE CONCEPTUAL MODEL
The four types o f housing which are described above are
illustrated in Figure 2. Note should be made of their sim ilar
End Product and the sim ilarities and differences in use of pro
duction subprocesses.
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This segmentation is unnecessary as each end product house
provides the same abstract bundle of services, albeit in a different
price segment of the market. This is analogous to the safety
standards fo r automobiles being different, dependent on their
particular production process.
The house that the customer buys and consumes is an abstract
bundle of services e .g . privacy, warmth, social status etc. which
is expressed, provided and contained in that single physical end
product. The physical end product is created by the production
process and it has been shown that similar end products can be
produced by different production processes. The differentiation
between production processes is caused by attempting to minimize
intrinsic costs within the context of extrinsic cost aspects in an
economic environment.
The production process is one thing but it should be only the
end product which is the object o f the Building Codes.
At a minimum, the existence of separate Building Codes for
normal housing and mobile homes in an artificial segmentation,
especially in the free economic market in the U .S.
This poses the question as to how the Building Codes should
be presented and structured in order to provide the desired safety
standard, for each geographic area, while minimizing its effect
on the choice of production p rocess.
Without a rational information structure relating (a) the
building codes to (b) buildings and their costs, there cannot be a
rational appraisal of the cost effect of building codes on buildings.

- The extent of action available to the community to act in face of
defiance of the building codes.
Relationship to Other Community Laws - The interaction be
tween the enforcement of building codes and other community laws
may be (a) a confluence of legal power o r (b) a contradiction in
legal power. In (a) the summed power and penalty may be too
great to be desirable in such issu es. In (b) a state of confusion
will exist because a misdemeanor may be punishable under two
or m ore legal powers and the penalty may be too great to be de
sirable in such issu es.
Duties and Powers of Community Building Officials - The
identification of the role and a clear statement of his scope of
responsibilities, duties, powers and means of executing those
powers.
Certification o f Compliance with the Building Codes - How and
by what means certification that a building complies with the pre
vailing building codes.
Notice o f Non-Compliance with the Building Codes - The
means and notice whereby a building does not comply with the
building codes. This should contain what aspect of the building
is in non-compliance and within what duration it must be corrected.
Appeals Against Non-Compliance with the Building Codes The procedure to be followed by owners, builders e tc . in the face
of a notice of non-compliance with the building codes which they
consider to be in correct.
P rocess of Changing the Building Codes - The procedure to
be followed in changing the building codes when they have become
redundant in some part or upon the desire to introduce new stand
ards of safety e tc . for the future.
Other Documents to be Incorporated in the Building Codes Each community need not have a full and complete building co d e .
Each community may refer to other documents which may be
generated fo r the whole nation or state, and need not be explicitly
included in the community’ s building cod es. Such documents
should be listed as being part of the building code of that com 
munity.
These documents w ill tend to deal with means of testing and
the certification o f acceptable standard products. A lso, the lo 
cation and certification of testing stations which are acceptable
to the community could be incorporated into their Building Codes
in this manner.
It is probable that each of these documents could be produced
by an appropriate level o f central government, e .g . a state or
federal agency and that the effectiveness of these documents and
their policing be carried out at that same level of government.

THE FUNDAMENTAL COMPONENT OF BUILDING CODES
The principal function for Building Codes has been stated
above and points to a statement of the performance o f the physical
end product in comparison to a set of safety standards. This can
be considered as the Fundamental Component of Building Codes.
The overall performance o f the physical house is extremely
com plex. That physical house should be analyzed into parts whose
physical performance can be measured and safety standards set.
As a guide to this analysis of end product houses the above Con
ceptual Housing Production P rocess is useful as it provides a set
of production processes from which can be synthesized any house.
The structure of an Overall Building Code now begins to
emerge as:
(1) a clear and complete consideration of houses as a con
ceptual end product,
(2) The clear and complete analysis of houses as an end
product structured according to the group o f subsystems
of conceptual housing because these are the m ajor func
tional parts of houses, i . e . link to site, fabric and ser
vices (further analysis within each part w ill also be
desirable) and
(3) requiring supplementary sections or clauses for use if
the safety and protection of the community might be in
jeopardy during a production subprocess, e .g . while in
transit from a factory to a site. (Protection of the build
ing or materials in such a situation is the problem of
the producer and should be covered by the traditional
insurance process.)

CONCLUSIONS
The current consideration of Building Codes as being seg
mented one from another, dependent on the production process
used, should be abandoned.
Building Codes should be directed at providing a two-way
safety filter between the community and the end product building,
with supplementary sections or clauses if the community safety
is in jeopardy during any production p rocess.
The structure of the fundamental component of Building Codes
could be based on the analysis of the end product house in the Con
ceptual Housing Production Process and the required supplemen
tary clauses based on the core elements of that same concept. To
rationally appraise the effect of building codes on building costs,
it is imperative to have an information structure which can relate
one to the other. There should also be a supporting component
to the Building Code which explicitly states the so-uo-legal and
administrative aspects of the codes fo r that community.
The degree of costs of housing is derived from the choice of
production process in relation to the extrinsic aspects of the pre
vailing econom ic climate and the intrinsic costs involved in the
chosen production process.
To lower such costs of housing is dependent on choosing the
most appropriate production process for the prevailing economic
climate. The Conceptual Housing Production P rocess described
facilitates such decision making.

THE SUPPORTING COMPONENT OF BUILDING CODES
T o have the Fundamental Component of Codes would be satis
factory for use in the Building Industry. However, the codes are
a part of the laws of each geographic area and reflect not only the
requirements of buildings, geographic and climatic considerations
but also the socio-legal desires and procedures of the community
as to type and degree of safety provided and means of administra
tion and enforcement of the cod es. These aspects of codes are
essential to effective Building Codes and the required procedures
should be speUed out within the code documents. Only if both the
fundamental and supporting components are present can a Building
Code be fully effective.
The parts of the supporting component of building codes can
be considered as follows and each should be stated explicitly:
Power of Enforcement - Under which legal power or powers
available to the community w ill the building codes be enforced.
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SOCIO-PSYCHOLOGICAL CONSIDERATIONS IN HOUSING FOR TH E LOW INCOME GROUP
by
Dinesh Mohan,* Rajinder Lai** and A. Deb**

SUMMARY

SOCIO-PSYCHOLOGICAL REQUIREMENTS IN SLUM REHOUSING

Studies reveal that many of the housing schem es that have
com e up in the last few years are short of standards of accepta
bility from the point of view of the occupants. This paper dis
cusses some o f the findings of recent case-studies and brings out
the importance of carrying out comprehensive surveys into the
living pattern, u sers’ requirements and econom ic capacity of the
prospective inhabitants. Observations of a study into the squatter
settlements at Delhi have been analysed and an architectural inter
pretation of the results has been suggested.

The lack of socio-psych ological considerations is most p ro
found in rehousing schem es undertaken for the slum dw ellers,
industrial workers and squatters. This cross-section of population,
because of their different socio-psych ological hierarchy, needs
proper care at each stage of rehousing. The economic constraints
restrict us to provide the desirable. It is therefore necessary to
find out what best we can so that every utility we provide is truly
useful to them.
With this object in view, the Central Building Research Insti
tute took up a lim ited study to provide guidelines fo r the preparation
of rehousing schem es for squatters and slum dw ellers.

INTRODUCTION
The architect today has to work under two m ajor constraints ignorance of the u sers’ requirements and the restriction on cost.
Consequently many low cost housing schemes that have com e up in
the past few years have been found to be short of the standards of
acceptability from the occupant’s point of view. A survey (1) con
ducted in the Oldham city under the urban renewal has indicated
the unfavourable attitude of women towards living in flats. This
has also been shown in a few case-studies undertaken in African
and other developing countries. (2)

SAMPLE AND METHOD OF INVESTIGATION

SOCIO-PSYCHOLOGICAL EFFECTS OF MULTI-STOREYED
HABITATIONS
The shortcomings of living in m ulti-storeyed housing have
been summarised by Walter Bor, (3) John Macey (4) and others as
lack of privacy; lack of adequate space for free movements, noise,
lack of space fo r recreation; limited playing facilities for children,
crampedness, poor aesthetics and monotony and v isito rs’ incon
venience etc. The impact of these living conditions could prove
grave, both for the society as also for the individual.
It has been found to be true in a case-study undertaken by this
Institute, pertaining to the socio-psych ological impacts of multi
storey living. (5) 72 fam ilies living in four storeyed low income
residential schemes form ed the sample for the study. Table 1
shows the likes and dislikes o f the heads of the fam ilies, the house
wives and children. About 71% preferred single storey houses and
28% w ere agreeable to live on the first floor in a double storey
unit. 65% of the heads of households reported a positive change in
their interests because of living in restricted and confined environ
ment of flats. In case of women living on upper flo o r s , they did
not touch the ground fo r weeks together som etim es. On the social
side m ajor effects have been reported in the form of loosening of
family ties, lack of social intercourse and mutual help among
neighbours; and overall inconvenience caused to the v isitors.
41.6% of the parents felt that their overall control over children
has decreased and 37.8% w ere of the opinion that the habits of
their children have been spoiled.
TABLE 1: LIKES AND DISLIKES FOR THE
MULTI-STOREYED LIVING
Likes
%

Dislikes
%

Neutral
%

Heads of
Household

32

44.4

23.6

Housewives

44

56

-

Children

29.6

70.4

-

Respondents

The cluster of squatters settlement selected for conducting
the survey consisted of about 800 units along a railway embank
ment com prising four distinct regional communities. A ll these
groups were following different vocations and leading a typical
family life. The sample was so chosen that there could be a bal
anced representation of all these communities. Approximately
10% of the total households were carefully selected and their r e 
spective heads w ere interviewed with the help of a pre-designed
questionnaire schedule. Simultaneously sketch plans of their huts,
showing the typical dimensions and layout of various belongings
w ere made. Figures la and lb indicate som e interesting features
in these huts. A four m em ber fam ily was found to be living within
a covered area of 1.77 m 2. The room height is only 1.21 m and
the door height is .91 m . The plinth is .3 m below the adjoining
level. This is due to the reason that they use mud for the walls
which is taken from their own a rea s. There are no windows or
other means of ventilation in these huts.

OBSERVATIONS AND ANALYSIS
The squatter colony under observation is a cluster of single
storey units and it has grown up in a haphazard manner. There
are no roads, drainage, water supply or community facilities.
The passages connecting one hut to the other is som etim es as
narrow as half a m eter. The huts are mostly built up of mud
walls, mud floor and thatched roof, except in som e cases where
bricks have been used for w alls.
EXISTING SPACES AND THEIR USE PATTERN
Table 2 shows the detailed analysis o f the various spaces
found in different hutments. It may be of interest to note that
92.5% of the households have only one room (size varying from
2.60 m 2 to 22.30 m2) with an average net area of only 7.4 3 m^.
It is used for such diverse activities like sleeping, childrens’
study and play, entertaining casual visitors and accommodating
guests, eating m eals, storage of household articles, storage of
fuel and som etim es cooking as w ell. Average built up area per
household including the area under covered verandah com es to
only 9.10 m2 . Keeping in view the number of activities perform ed
within the four walls of these huts, it can be safely said that the
huts are being put to the m ost intensive u ses. This is being
achieved by staggering the timings of different activities.
HOUSEHOLD COMPOSITION AND ECONOMIC CHARACTERISTICS
Table 3 gives a picture of the household composition and their
social and econom ic characteristics. It indicates that 66.25% of
the total sample belonged to the nuclear family followed by 16.25%
conjugal and 11.25% extended fam ilies. It may be further seen
that whereas the average size of the household fo r the first two
types is 4.25, it is 5.11 fo r the extended fam ilies.

♦Director, Central Building Research Institute, Roorkee (U .P .)
INDIA
♦♦Scientist, Central Building Research Institute, Roorkee (U .P .)
INDIA
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TABLE 2: INCIDENCE, AREA ANALYSIS AND USE PATTERN OF VARIOUS SPACES
ACTIVITIES PERFORMED * #

Average

Range
SPACES

Percentage
Incidence

m

S 03
Q, 03
® Si

2

m

2

m

S3 s’

CO
<D
a

'd

•3 o

bp

u o
CD d

3
O
o
o

w

a
w

•C
iH

*

*

+

+

=

*

*

-

-

-

-

-

*

“

=

-

-

=

=

=

-

2.23

-

-

=

=

-

“

“

0.7 4-10 .2 2

5.30

+

*

*

=

=

=

-

1.8 6 -3 .7 2

2.97

=

-

-

-

-

-

8.36

*

*

*

+

*

4.6 4-49 .0 5

7.90

*

3.4 4 -2 3 .7 8
3. 44-52. 67

9.10
15.14

1

92.5

2.60-22.30

7.43

2

7.5

1 .8 6 -8 .9 2

5.57

6.25

1.4 8 -3 .6 2

2.51

6.25

2 .8 8 -5 .8 5

26. 25
2.5

*

ROOM
Ind.
KITCHEN
S h a r.§
VERANDAH
STORE
Ind.
COURTYARD
S h a r.§

41.25
33.75

TOTAL BUILT-UP AREA
TOTAL DWELLING AREA

2. 23-34. 84

+

=

-

Clothes
drying

Area

bo
£ .2
cd1
T3 r—
^3 o,
JS
O

Clothes
washing

a
i

Storage of fuel

CD

Cleaning and
washing of
utensils

m

Storage of
HH articles

W

bp
3
cd

pq

-

_

”
-

-

-

“

”

=

=

=

=

-

-

-

-

-

=

=

*

*

-

*
*
*
+
+
=
=
*# Symbols in the Table represent the % of the occurrence of an
activity in a particular space in the following ord er:*
+
=
-

§Nos. of Households sharing one kitchen and courtyard
ranges between 2 to 3 and 2 to 7 respectively.

*

*

Above 50%
Between 25 to 50%
Below 25%
Nil

TABLE 3: HOUSEHOLD TYPES AND THEIR ECONOMIC CHARACTERISTICS
Percentage of
the sample

Range of
members
per HH

SINGLE
MEMBER

6.25

1-1

1.0

EXTENDED

11. 25

2-10

CONJUGAL

16.25

NUCLEAR

66. 25

Household
Types

TOTAL/AVERAGE

100

Average members
per HH

Income Range
per HH p. m.

Average
income
per HH p. m.

Range of
earners
per HH

Average
earner
per HH

70-100

91

1-1

1

5.11

135-850

388

1-8

3.68

2-9

4.39

100-750

276

1-3

2.15

2-8

4.15

60-640

219

1-3

1.74

1-10

4.1

60-850

248

1-8

2.14

Observations were also made as to the mode and places of
sleeping. Except for the place of sleeping, no perceivable change
has been reported in the overall pattern of sleeping due to change
in weather. 62.5% of the households use cots for sleeping, 32.5%
use both cots and floor, while only in 5% cases all m em bers of
the household sleep on flo o r . A fair number of children share the
cot with adults o r two adults share the same cot. During winter,
because of the shortage of space in the hut, some of the mem bers
slept outside under som e sheltered space.
As to the other routine activities such as cooking, utensils
cleaning, bathing, washing and drying. Table 5 shows the detailed
analysis. In the absence of any toilet facilities the m ajority of the
population go out in the nearby open field s. For other activities,
courtyard is the most used space. 80% of the respondents indi
cated no objection in having common bathing facilities, but all
have indicated the wish to have independent water closet.
Regarding fuel used for cooking and the procurement of rations,
the majority of the population arrange it on a week to week b a sis.
Coal and wood are the main fuels used, and in the absence of any
sheltered space, it has been found being stored inside the huts in
most cases. F or keeping other belongings, only a few households
have adopted their own methods of storage by providing wall shelves
and hanging lines. In the majority of the cases these were found
lying on the ground.
Heads of households were asked to list the facilities they would

As to the econom ic status, average incom e per household
ranges between *Rps 91 to Rs^ 388 per month. The lowest range of
income (Rs^ 70-100) occurs in single m em ber households while it
is highest (Rs 135-850) in the extended households because of m ore
earning-m em bers/fam ily.
LIVING PATTERN
Demographic data (Table 4) shows that almost all the adult
m ales, 41% of the adult fem ales and 6% of the children add to the
household income by taking different types of jobs. Adult males
go as far as 8 Km for earning their bread and remain out of the
house fo r an average 10 hours a day. The other earning mem bers
are also away for 6 to 7 hours during the day. This does not take
into consideration their being outside for any other purpose, e .g .
children going to school or adults out for recreation or shopping
etc. M ost of the domestic functions by the housewives are per
form ed during these hours, when other mem bers are away.
Houses are occupied to the maximum lim it during the night when
alm ost every member of the household is in for sleeping. D om es
tic activities w ere found to be staggered throughout the day so that
a space for cooking could later on be used for eating, sitting or
even sleeping.
*1 U .S. Dollar = Rss 7.0 (approx.)
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TABLE 4: CHARACTERISTICS OF THE POPULATION
Casual
labour
%

Composition

% age of the
population

Adult/Male

39

100

49

Adult/Fem ale

24

41

92

% age
earners

Children 5-14 years

22

6

6

Children below 5 years

15

-

-

T A B L E 5: VARIOUS HOUSEHOLD A C TIVIT IE S AND
PL A C E S OF THEER PE RFO R M A N CE
AC TIV IT IE S

P L A C E S ______________________________________ T O T A L
C ou rtya rd
hid. o r
Shar.

%

Inside
Hut

%

Verandah

%

K itchen
In d /S h ar.

%

O utdoor
Lane

%

N earby
JJ
co lo n y

%

12. 50

-

-

100

-

-

1 2 .5 0

3 2 .5 0

100

6 .2 5

5 .0 0

1 .2 5

2 7 .5 0

-

100

-

3 .7 5

-

2 1 .2 5

2 8 .7 5

100

-

1 .2 5

-

2 6 .2 5

1 5 .0 0

100

C ook ing

2 1 .2 5

4 2 .0 0

Bathing

5 5 .0 0

-

U ten sils clea n in g

6 0 .0 0

C loth es w ashing

4 6 .2 5

C loth es d ryin g

5 7 .5 0

24 .2 5

like to have in the new housing schem es. A lm ost all favoured sin gle storey living, 66% want running water fa cilities, 59% have
stressed the need for community spaces, 47% indicated that there
should be an electric supply and 20% were eager to have educational
facilities along with paved roads, proper drainage and other public
health facilities. About 50% of the respondents expressed their
readiness to build self-help housing on developed plots provided
they w ere given necessary design and technical guidance.

INTERPRETATION OF THE SURVEY DATA
On analysing the above observations we can arrive at some
planning guidelines fo r programming future rehousing schemes
for the squatters:
A
The rehousing schemes should preferably be single storey.
The main reasons are:
(1) that the m ajority of the urban squatters are rural mi
grants. Their activities and living are ground-oriented;
(2) single storey development can be inexpensive provided
the land cost is not too high. Since m ost persons travel
8 to 10 km to the place of work, the rehousing schemes
could well be located away from the city centers;
(3) a single storeyed development also cuts the external
circulation space and provides maximum flexibilities in
planning;
(4) with a proper layout, reasonably high density of 30 to 40
dw ellings/acre is p ossib le.
B
Two types of housing may be planned fo r rehousing the squat
ters—family dwellings and night shelters.
Four types of distinct household: nuclear, conjugal, extended
and single membered, have been found among the squatters. While
the first two require a proper dwelling for performance of various
dom estic activities, the last two require only a shelter for sleeping
at night.
The extended and single member households are mainly com 
posed of earning male m em bers. They are mostly sub-urban or
rural immigrants living in cities to earn while their fam ilies stay
back in their villages. They need a night shelter for sleeping, a
storage space for personal belongings and bathing and lavatory
facilities.

Nature o f Jobs
Petty
Other
Business
service
%
%
39
8
_

Average distance to
work place/sch ool

Average time
spent out (h r s .)

12

8 Km

10

-

3 Km

7

_

3 Km

6

For the nuclear and conjugal type of households basic facilities
required in new schem es should include provision of (i) a water closet,
(ii) an enclosure where apart from bathing, activities like
washing, utensil cleaning e tc . can be perform ed.
(iii) a cooking space wholly or partly covered.
(iv) a storage space for rations and fuel for two w eeks,
(v) a room for multiple uses, e .g . sleeping, resting, eating,
childrens’ play etc.
(vi) a courtyard with provision for sleeping out in summer.
Only one room has been suggested from the following consid
erations: (1) To m eet the large demand o f housing within limited eco
nomic resou rces, it is necessary to phase the investment
in two to three stages of development.
(2) The survey has shown that the immediate need is for the
nucleus of a dwelling, which provides for a planned growth
in future. A sketch plan showing various stages in a de
veloping house is shown in Figure 2. The main intention
to build less today is to curtail any investment which w ill
place the econom ic rent beyond the individual capacity to
pay.
C
The rehousing scheme may be planned in the following three
broad categories:
(1) Aided self-help housing on rental basis on developed plots.
(2) Tenements for outright sale.
(3) Single or m ulti-storeyed night shelters with common bath,
w .c . etc.
D Rents (1) The monthly rent for a fam ily dwelling should not exceed
Rjj 20 to 24 per fam ily.
(2) Monthly rent for a night shelter should not exceed Rs 10
per person.
These are based on the income and rent paying capacity of
various fam ilies. Any increase beyond these will force them to
leave the housing schemes and put up a new squatter’ s settlement
somewhere e ls e . This is one of the main factors which has r e 
sulted in a large percentage of desertion of the new housing schemes
recently provided at various places.
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HOW TO LOWER THE COST OF HOUSING?
by
Lynn Hannley

The purpose o f this paper is not to give an answer applicable
on a short term basis to some o f the most evident problem s en
gendered by our generally accepted policy regarding Low Cost
Housing.
It should be evident to any observer that the very concept of
low cost housing, at least as it is understood in North A m erica, is
a rather hybrid notion with no foundation, cultural o r other except
that of political tokenism. Low Cost Housing is built fo r those who
have not been able to attain the expected standards of an econom ic
ability to purchase their own housing. The society behaves toward
the econom ically underpriviledged as if they do not belong to the
main fold; as if they had no past; as if their aspirations w ere in no
way influenced by the on-going propaganda fo r econom ic s e lfreliance and independence; as if they were som e unmotivated group
to whom governments should partronizingly cater, by offering
“ subsidized social habitats’ '; in which they can not help but feel
cast off as second rate citizens. We have two housing policies at
present—one for those who can acquire their own accommodation
and one fo r those fo r whom we build low cost housing.
This paper has not the pretension of offering an instant solution
which would transform magically some of the most costly blunders
that have been accumulated over fifty years into econom ic social
and political su ccesses. It is an attempt to show that to be accept
able and rational, low cost housing can not m erely be treated as a
tolerable exception for the marginal segment o f the “ affluent
society” . Low cost housing must be viewed, in the vast context of
a world undergoing various transmutations in which it is no longer
possible to take wishful thinking for objective information.
The problem which must be dealt with is “ HOW TO LOWER
THE COST OF HOUSING” . In order to deal with the problem at
hand, four important questions must be explored:
1. Where are we now with regard to housing and how did this
occu r?
2. What will happen if no systematic intervention takes place?
3. What are the positive directions that we can select?
4. How can we achieve them ?
WHERE ARE WE NOW AND HOW DID THIS OCCUR?
“ All I want is a house som ewhere” . This quotation sums up
what many people conceive o f when they think of housing. A house,
an end product which can be defined and has value in and of itself.
People think in term s of two concepts - 1. shelter which is tem
poral, and 2. a house which is a goal they want to achieve. Al
though there may be little difference in a house and the temporal
shelter (in technical terms) - the major differentiating factor is the
fact that a house is usually owned by a person and is perceived of
as an expression o f that person’s worth and achievement in present
day society. The larger one’s house—the greater the person’ s
worth and achievement.
Generally such houses are produced in a fashion so as to
accQmmodate a standard definition of the “ North Am erican Fam ily”
which is translated into the number of bedroom s. The average
size of a house is three-bedroom s. Variations in term s of the
house are usually expressed through either the elimination of bed
room s o r through the component placement. A house is basically
a shelter shell — little or no consideration is ever given to the
requirements o f an internal support system; or to what living
volume is required by people; o r to the development of a flexible
dwelling unit to meet the changing needs o f people.
A concept o f a house based upon a marketable com m odity,
which is an expression of a person ’s achievement and worth, and
which can be defined by bedroom size, is static. Although people’s
life styles have changed in the past fifty y e a r s , the house has
changed very little. Just com pare the development o f transistorized
radios with the development o f the house over the past thirty y e a r s.
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Radios have become m ore functional and compact and cheaper in
p rice, while the house has becom e m ore com pact and has quadru
pled in p rice.
In order to understand what the effects of such a static con 
cept of the house has had, it is important to understand how we
have arrived at the point we are at now. The above concept o f a
house is a direct result o f our social, econ om ic, psychological
and political history, and is in no way related directly to our
technological capacity. Certainly today we have m ore houses than
we did 100 years ago; but have the base units changed as a result
of all the technical knowledge that we have? There are a number
of underlying assumptions which are responsible for our present
situation.
Assumption 1
The world is filled with endless re so u rce s, especially land
and every individual can have as much o f this land as possible.
Such a concept is pre-sp a ce age. Cultural la g, unfortunately,
prevents man from perceiving the reality of h is environment with
out his historical cultural blinders and therefore land is still p e r
ceived as an endless resou rce.
Assumption 2
The fittest o r in this case the one who has acquired the n eces
sary support systems is the one who has the right to survive.
Although there are endless resou rces, we must compete to have
enough to survive; we know that (as a result o f the depression)
people with less resou rces have less chance o f survival. The pos
session o f resources such as a house and land is somehow an
insurance of survival. Little thought is given to just what it is that
man requires in order to survive.
Assumption 3
We must protect ourselves against others who are perceived
as invaders, or ones who will take our resou rces away from us.
This assumption results in the concept of national o r cultural
chauvinism — ours is the best way. Little consideration is given
to how we can collectively benefit from the resou rces of the world.
This chauvinistic attitude has permeated our culture to the degree
that we think of the concept of “ my house” — with little consid
eration given to other people who also live in the same community.
This assumption is also a result of the fact that we are always
considering ourselves in competition with the person who has the
adjacent house fo r the necessary resou rces o f the world.
Assumption 4
Greatness is measured in terms o f quantity — the bigger or
the m ore our visible resou rce bank, the better we are. An inter
esting phenomenon is the fact that people who have m ore resou rces
purchase the “ biggest” goods; for exam ple, a stereo is usually
purchased in a disguised fashion as a piece o f furniture rather than
as a sound reproduction system . Little information or considera
tion is given to whether or not the goods purchased are functional.
It is is bigger and m ore costly , it therefore must be better.
What are the results o f these assumptions and a static concept of
housing?
If we are forced to compete for the resources which are
available; and if a house is a goal which is an expression o f how
well we have competed and a reflection of our likelihood to sur
vive — then som e people will achieve this goal of a house and
others w ill not. This results in a double standard and a double
policy for housing. Those who have struggled hard and have

o f information has been collected on what the effect of non-volun
tary homelessness is . During one month o f operation 75.6% of the
people who sought accommodation through the Bureau were invol
untarily homeless — that is they had no place to live in, or the
place in which they were living was being torn down, and they could
not find a place which they could either afford, nor one which met
the other needs that they had. Of this group 22% were elderly
people and the others were fam ilies who w ere on assistance. Since
most o f these people are on low incom es, they are very limited in
the type of accommodation that they can purchase. What usually
happens is that these people find accommodation usually in poorer
conditions in which they attempt to establish a stationary lifestyle
(making new friends, discovering community services, children
establishing themselves in school, e tc .). No sooner does this
happen than the house they are in, once again, is lost. They must,
once again, try to find new accommodation. People who are nonvoluntarily hom eless are forced to be transient. What we are
finding now is that there are second generation forced transient
fam ilies. The poor can only afford certain accommodation in our
present economic system . An attitude has been developed that the
poor are not capable of managing better accommodation and there
fore, only deserve what they are getting at present. In this very
real way our market commodity based concept o f house, which
com es to the poor through a filtering down economic system ,
fosters and prom otes a certain style of life — that is involun
tarily hom elessness.

achieved this goal can get what they want within certain defini
tions o f what a house is . Those who have been less lucky are
supposed to be grateful for whatever it is they are given. The
econom ically poor have little choice or chance to request the type
of housing that they live in. This results in the development of a
class system.
What are the results of such a situation in econom ic terms ?
Can we calculate the present cost of housing, not just in term s
of visible costs but also in terms of supportive and human costs ?
Perhaps a breakdown of the cost factors that must be included
would be helpful in term s of understanding the results of such a
situation.
VISIBLE COSTS:
- land
- materials
- servicing
- technical advice
- landscaping
SHELL
- interim financing
- mortgaging
- labor
- taxes

SUPPORTIVE COSTS:
- Housing Unit:
- maintenance
internal support
- heating
systems (usually
- cleaning
considered a
- air conditioning
luxury).
- communications systems
- food preparation, storage &
cleaning

- Transportation:
INVISIBLE COSTS:
- vehicle
- What is the effect of
- vehicle maintenance
environment of people?
- roads
- What is the effect on
- road maintenance
non-voluntary homelessness - insurance
on people?
- taxes
- What is the effect in term s
- emergency services
of depletion of the resources ? - servicing

-

license
police
courts
lights
signs
land used

WHAT WILL HAPPEN IF THERE IS NO SYSTEMATIC INTER
VENTION IN TERMS OF CURRENT PROCESS RELATING TO
HOW PEOPLE OBTAIN A HOUSE?

NOTE: Depreciation must be considered fo r all of these costs.
It is easy enough to calculate the visible costs - but without
an understanding of the invisible costs this would not be a total
picture. Perhaps som e comments on two aspects of the invisible
costs will help determine how we can calculate these.
1.

What is the effect of environment on people ?

Although there are three important inter-related areas that
one should consider when defining the word environment, that is
the physical, social and psychological. Perhaps the physical is
the most important to deal with in this context.
- What is the effect on people living in sm all confined spaces ?
- What is the effect on people living in a suspended in space high
r is e ?
- What is the effect of living close to a fast roadway system ?
- What is the effect on people living in a grid system such as found
in most north American suburbs ?
- What is the effect of living in a large metropolitan area?
- What is the effect of knowing that one w ill not be able to achieve
a house which he owns; implying that his ability to achieve or
survive is less than that of others who can achieve this goal?
- What is the effect on people living in low cost housing?
Are any of these questions relevant? Should we consider them
or are they just extraneous data which w ill block the development
of the large physical structures that should be built? Although
there has been som e research done in these various areas, there
has been little effort to combine the present knowledge that we have
in terms of building an environment that reflects needs of the people
who live in such environments. There is very little recognition of
the fact that people have different life styles and that any environ
ment which truly meets their needs should be an expression of such
life styles. An environment can change, prevent or foster a life
style.
2.

Non-Voluntary Homelessness

Perhaps through an understanding of what non-voluntary home
lessness — or lack of any self environment, we can understand
just how environment can mold people. Through the operation of
a Housing Bureau - as an action research project - a great amount
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If only one aspect of the present housing situation is tackled at
a tim e, no definite changes can occu r. Perhaps the following
example will help clarify this.
A western Canadian city just purchased a tract of land with
money borrowed from the Federal Government. This tract o f land
was to be put on the market at a lower cost, thereby, reducing
costs and making housing m ore accessible to people. The city
felt that it must cover the interest charges on the money obtained
from the government and should show a profit on the sales of this
land. In spite of all this, people believed that this action would be
the answer to the housing problem in the city. Unfortunately, since
people had to obtain the money for their house through the usual
channels of mortgaging, the result at present is that only those
who could afford to build a house are able to do so. The city ’s
action may have served to lower the cost of land somewhat, but
people who needed it were still not able to secure a house. The
slight reduction in land costs alone was not enough to make any
actual dents in the housing situation. It is unfortunate that because
there is never a full understanding of the problem , a great deal of
resources are expended in less positive fashions with the delusion
that the problem w ill be solved.
If we are attempting to resolve the situation of providing a
integral part of any solution:
1. that everybody obtains a house if they so desire.
2. that the house they obtain meets their needs. Can we
deal with these under the present definition of a house;
under the present assumptions that this is based upon;
and under the present means that people use to acquire
a house?
Under the Present Definition of House: No
Because the definition by its very static nature will not allow
us to meet people’s needs. The only thing that is possible is that
people adapt to fit the concept o f house.
Under the Basic Assumptions: No
(endless resou rces, survival of the fittest, competition,
nationalism, greatness in terms of visible quantity) All of these
imply that only a few people would be adequately housed, while
others who do not have such — will be left with the remainder —
which is exactly the stiuation that we find ourselves in today. We
could perhaps institute such programmes as low cost housing for

(There are enough resources for all if we use them in a rational
fashion - reference - Fuller.)

those who cannot afford what the market can offer. But the result
of this is that we develop a caste system based upon the type of
house that one lives in. The better under this system will still be
perceived as those who do not live in low cost housing.

3. We must now think in interrelated terms in molecular,
rather than atomic models. We must recognize that the world,
and especially man is in a constant state of change both physical
and psychological.

Under the Way in Which People Obtain Housing: No
Once again we have a double standard, one for those who can
afford a house and those who cannot.
What then can be Done
Under the present assumptions, definition and means there
are two alternatives which we can choose from.
1. Let things be as they are and the system will sort itself
out. Perhaps a quote found in Maximum Feasible Misunderstand
ing can explain the ramifications of such a system:
“ A recipe for violence: Promise a lot; deliver a little.
Lead people to believe they will be much better off, but
let there be no dramatic improvement. Try a variety of
small programs, each interesting but marginal in impact
and severly underfinanced. Avoid any attempt remotely
comparable in size to the dimensions of the problem you
are trying to solve. Have middle class civil servants
hire upper class student radicals to use lower class
Negroes as a battering ram against the existing local
political systems; then complain that people are going
around disrupting things and chastise local politicans
for not cooperating with those out to do them in. Get
some poor people involved in local decision making, only
to discover that there is not enough at stake to be worth
bothering about. Feel guilty about what happened to
black people; tell them you are surprised they have not
revolted before; express shock and dismay when they
follow your advice. Go in for a little force, just enough
to anger, not enough to discourage. Feel guilty again;
say you are surprised that worse has not happened.
Alternate with a little suppression. Mix well, apply a
match and run. . . . ”
Aaron Wildavsky.
2. Wall the cities - through such action as building large
developments which people who have no purchasing power can
live in. The ramifications of such a system are self-explanatory.
What can be done? IS A POSITIVE ALTERNATIVE POSSIBLE?
Development of a positive alternative: In order to develop a
positive alternative, there must be a recognition of certain
historical realities which must be accepted.
1. The world is a finite system in which resources such as
land, oxygen, and water are limited. Perhaps some of the
resources can be produced or reproduced, however, at present
we have certain limitations that must be recognized by other means
than tokenism and lip service.
2. The components of the world are interrelated; political
boundaries are irrelevant to such resources as air and water,
etc.
3. Human beings require various supportive systems such
as food, shelter, clothing and information, e t c ., if they are to
survive and develop. Although man is born by accident, his sur
vival and growth can not be left to accident.
From these realities we can develop an alternate set of work
ing assumptions:
1. Since there is a limited amount of resources, we must
learn to use the ones we have in such a fashion as to do more with
less.
2. Since political chauvinism and boundaries are irrelevant
(re natural resources) we must learn to operate in a global as
well as a local context. No longer can nations use the resources
of other countries solely for their own benefit, but we must learn
to all use the resources that we have available in a rational
fashion. Politics, because of its basic irrational nature, can
play no part in the rational distribution and use of resources.
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4. When attempting to understand our historical context, we
must be aware of the fact that we are not living in the past, although
products of it to a certain degree — nor are we only concerned
about the future, although our actions will help shape the future.
In the present, and with the alternative basic assumptions, we can
develop a new concept — housing. Such a concept must be a pro
ce ss, rather than an object. Housing must be an expression of
man’s needs and his constant changing. We can think of housing
as an environmental control, which allows man to develop rather
than an expression of individual success and achievement. This
would mean that there would not be two housing policies — one for
the rich and another for the poor — but that housing would vary
depending to the needs of the individual. Such a concept of housing
implies a wider scope than that of house and individual units. It
implies an environment or a context. If housing is to meet man's
needs it must be both his individual and collective needs.
. The development of an alternative model: Housing — meeting
individual needs: What are the needs of an individual relating to:
1. protection from the external environment?
predictable area
unpredictable area
weather or seasonal conditions
environmental disasters
wind, rain, snow
2. internal support systems?
How can we utilize our latest technology to ensure that if
individuals desire, they are freed from being the sole energy
source in terms of such as food preparation, storage and cleaning?
Very often this area is ignored because we have been thinking of
house as shell, rather than a support system.
3. Can housing be built which meets the needs of man as he
changes for example from being a small child to being a pensioner?
It is interesting that at present that all children and a great number
of pensioners are homeless. That i s , a child who lives in his
parents’ home must learn to adapt to a world built for adults,
while a pensioner very often is forced to live in one room rented
to him by others. Can our new process of housing meet the needs
expressed above?
4. expressive space?
Can we in developing housing establish more flexible and
realistic space requirements for people ? Does an individual
require self-space for human growth? Some people argue that
self-space is a psychological requirement, while others maintain
that it requires a physical expression. Can we develop housing
that is flexible enough to meet both requirements ?
Housing - meeting community needs; If we accept the concept
that housing is a process by which man’s physical needs are met,
then we must be concerned with more than just the unit that serves
an individual or group of individuals. We must be concerned with
the context of the unit, or in other terms our process must be all
inclusive. How should units be placed in a community? How is
such a grouping of units serviced with recreation, health services,
education? How is a system of transportation developed so that it
is serviceable to people of all ages and incomes in the community?
Why do we require cities? How and where should they be developed?
Are we interested in understanding what a positive environment
can be — and perhaps more important, are we willing to begin to
transform our present cities so that they can once again become an
expression of the creative nature of man?
If we accept the possibility of development of an environment
where we can meet the needs of people individually and collectively;
and if we believe that resources utilized rationally can provide that
we all share in an economy of abundance; and if we accept the fact
that we can utilize our technology to achieve these ends, then a
pattern to achieve these goals can be outlined. We can be outlined.
We can no longer afford to tackle the situation in a piece-meal
fashion, or in a fashion that reeks of political tokenism. A wholistic approach must be utilized — as we saw in our example of the
western Canadian city who thought they could solve the housing

problem through the purchase and resale of a large tract of land —
an attempt which only takes one aspect into consideration will not
affect the situation.
Perhaps a three phase process might be utilized in the reali
zation of the goal:
1. Determination of needs of the individual and communities
of individuals.
2. Translation of needs into design — bearing in mind the
need to be in harmony with the natural environment.
3. Realization of the design.
1. The Determination of Needs
Historically we have relied upon sociological research to pro
vide the input for the needs. Such input was usually generalized
and based upon a sampling rather than upon the individual. A new
method of determining needs with the people who are involved in
the situation is possible. Last June, the Edmonton Citizens held
a nine day intensive planning process with people who wanted to
develop a housing community. The people who would be living in
the community came together to work out what their needs in terms
of housing as individuals or as family groupings, as well as their
community needs. Individuals who had specific technical skills
were used as resource people in designing a possible community.
Such a method can and must be used if we are to truly determine
what people’s needs are. Housing is an extension of an individual
or community need and lifestyle.
2. Translation of the need into design
As we translate the need into a design we must not be limited
by our past models. Servicing of a unit can no longer be developed
in the present fashion — we must learn to develop and incorporate
the process of recycling as a means of servicing. A new form of
housing, even if it is acquired in a new fashion but still relies on
the present system of sewage disposal, will cost us more in the
long run. We must remember that the solution of one aspect of the
problem is not sufficient. The supportive systems such as trans
portation must also be given careful consideration. At present,
we are utilizing some of the best agricultural land to develop our
cities on. Perhaps one of the greatest consumers of land in the
present cities is the freeway transportation systems that have been
developed. In some cities 25% of the land is utilized in roadway
development. Can we really afford to squander land in such a way?
In terms of the development of the dwelling unit itself, can we
utilize the present technological resources we have to develop an
internal and external support system. The mobile home industry
is one of the few visible examples where an attempt at realizing
this concept is being made. Unfortunately, in many cases the
mobile home is merely an imitation of the present concept of house.
Nevertheless, these units are designed with many basic components
as an integral part. The flexibility of the mobile home unit could
certainly be developed if the concept of modules which could be
added or removed was used.
3. Realization of the design
There would be little point of developing the unit that met
the needs of an individual or family grouping, and translating such
a design into a physical structure which was part of a community,
if people would not acquire this unit. This means that to be truly
effective, other changes would be required to be successful. The
three major areas that must be dealt with are; Land, Financing,
Taxes.
LAND: No longer can we operate under the false premise that
land can be purchased. Purchasing allows people with more re
sources to accumulate the land and speculate upon the price. Land
should be publicly owned and leased to people for use. This would
allow for a more equal distribution of this resource. Speculation
or holding of property would no longer be possible and the resultant
false economic situation established through the sale of land would
be eliminated.
FINANCING: If housing people is a priority, then governments
should see that non- or low-interest (1%) loans are made available
for housing. If we stay at the present interest rate (7 1/4% 8 3/4%), there is little hope for the development of housing that
people can afford. Resources which are now utilized for defence
and military purposes, for unnecessary land acquisition for free
ways, and from various insurances could be diverted to develop
housing for people.
248

TAXES: Presently a number of urban areas support the
development of the necessary social services through property
tax. This form of acquiring resources in antiquated - alternate
means must be found. As before, there is little use providing
housing for people if they must utilize all their resources finding
the required financial resources to meet the property taxation
demand. Perhaps resources could be found which would supple
ment the present taxation system through a diversion of resources
in a similar fashion as proposed in the development of non- or
low-interest loans for housing. If resources are diverted, they
then must be redistributed to local communities. If local com
munities are expected to totally support all the necessary services
that they require on their own, the situation will arise where the
richer communities will be able to support more services than the
poorer communities. What happens at present in this situation is
that people move from the poorer area, into the area which appears
to have more resources and therefore, more to offer to people.
The only way to alleviate this community situation is to redistribute
the resources on a need basis, collecting or diverting them from
larger regional areas. Other means such as income tax or capital
gains tax on a regional basis, certainly could be a means of col
lecting resources to replace the property tax.
It is important to reemphasize at this point that the only way
the present dilemma about housing can be dealt with is through
intervention in as many of the necessary areas at the same time
as possible.
The following questions are all equally important;
- What type of housing and community do people require
and desire?
- How should such a unit be designed with its necessary
support systems?
- Where should these units be placed?
- What resources are required in the process ?
- How can people acquire their housing?

CONCLUSION
Very interesting and utopian, might be the comment of the
reader at this point, but how does such a model lower the cost of
housing. No comparative prices are given for one system over
another. How can an assessment be made?
At present, we know that a house costs about four times as
much as its original price over thirty or fourty years due to the
great interest charges on the loan money required to purchase it.
If the interest on such a loan were cut to 1%, this would be an
immediate and visible lowering on the price of housing. If land
were not sold at an inflated price, but as merely leased, this would
be a visible lowering on the cost of housing. These are simple
interventions that could begin to solve the problem of lowering the
cost of housing. Can we lower some of the other costs, such as
minimizing the damage done to an individual or family, by creating
a more positive environment?
It is unfortunate that we have no measurement of the invisible
costs. At present, all we can do is to calculate the cost of the
extra services that are necessary as our environment deteriorates;
such as penal institution (we can say that it costs $7,000.00 per
annum to house a prisoner in an institution, however, we can not
calculate the cost to the person of being in such an institution.).
What is the present cost of not housing people properly ? What
will be the cost of the development of a caste system based upon
the type of house one lives in?
Perhaps a reiteration of the initial statement of this paper
might be helpful. This paper will not provide an instant solution
to any problems that have been created over a number of centuries.
It instead is an attempt to understand the present situation and the
choices that can be made about the future. Perhaps more impor
tant, this paper poses a challenge in the sense that there is a
possible positive future if we dare to accept the challenge to create
it. The future of the future lies in the hands of hands of those who
are willing to create it. If we are sure that the future will be
negative and that all we can do is to develop band-aid solutions such
as low cost housing for the poor, then it will be so. If we believe
that there is a possibility of affecting the evolutionary process of

man in a positive fashion and try to develop positive and just
solutions, then we will be part of the creation of a positive future.
In this regard, we believe that there are the resources, physical,
technical, and human to house people in a positive fashion. Such
an action will take a commitment, understanding and willingness
to seek out and develop new alternatives, and means necessary to
attain this goal.
Since the problem of lowering the total cost of housing is a

global process, because we must include the use of natural
resources, any solutions that are attempted must be tackled on an
international level. As was mentioned earlier this can not be done
at the political level, because the very nature of politics defies a
rational just solution means must be established to develop such
a non-political interest group. Perhaps this symposium is a
beginning ?
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NEW METHODS TO OVERCOME ZONING RESTRICTIONS AGAINST TRANSPORTABLE HOUSING
by
James Jay Brown*, J. D., LL. M.

In a country which has just come through a period of abnormal
ly low housing production and now faces the pressures of housing
demand by returning Viet Nam veterans, solutions on how to in
crease the housing supply must be immediate and practical. These
solutions must be in the form of low-cost, decent housing in areas
of moderate to intense urban settlements and not on the rural
fringes away from job opportunities and social contacts. Ameri
cans have prided themselves in their ability to overcome extreme
crises; housing needs and goals are just such a test of that know
how and ability. (1)
Getting lower-cost housing into urban areas regulated by
zoning controls is the most difficult problem facing industrialized
housing manufacturers today. Only in the rare exceptions of
federally-assisted “ demonstration” or model projects are devel
opers and manufacturers able to achieve any breakthroughs. Yet,
it is undisputed that lower-cost manufactured housing is available
and marketable by the mobile home industry, (2) and may be one
answer to urban development on non-tract, scattered residential
lots.
What, then, can be done to open urbanized communities? The
answer will be sought within the explicit and subtle forms of ex
clusion by zoning ordinance definition and case law interpretation
of dwelling. The outcome of such explorations will be in the form
of recommended ordinance changes. The mobile home zoning
cases contain the best directly comparable legal arguments which
provide an analytical comparative basis for predicting resistance
to transportable manufactured dwellings. It is assumed through
out that the existing mobile home industry, as experienced manu
facturers of modular dwellings, is the only group available to
immediately meet a significant segment of lower-cost housing
demand, (3) and that the group can adjust their production methods
to comply with the high performance standard manufactured-home
building codes. (4) It is beyond the scope of this paper to explore
the problems of complying with traditional specification building
codes, which have formed the second barrier to transportable
housing within developed areas.
FUNCTION OF HOUSING REGULATION: Generally
Zoning ordinances as we know them today have their antecedents
in municipal recognition that gunpowder mills, storehouses, and
wooden buildings should be prohibited from heavily populated areas.
As the evils of high density development and occupancy manifested
themselves in the 19th and early 20th centuries, urban tenement
district ordinances began to reflect the desirability of requiring
open space, air, light and ventilation around each and every habited
building for health and safety reasons. Thusly, municipal land
uses are regulated under the broad legal warrant of protecting
health, safety and general welfare, by controlling height, bulk and
lot area and yards for the structure (insuring separations against
fire and providing child play areas); limiting levels of noise, glare,
odor and pollution; restricting street congestion (off-street garages
and parking lots); requiring installation or connection to adequate
utility services; and segregating incompatible physical uses and
future developments (to preserve existing property values). These
have been deemed to be valid police power acts by court decisions
too numerous to recount. What such regulations do not speak to
are the methods, materials and costs of construction; nor do they
address themselves to the precise uses an apparently conforming
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City; Associate Editor, The Urban Lawyer, quarterly journal
of the Local Government Section of the American Bar
Association.
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structure may be designed to provide. The zoning of districts for
“ compatible” uses has produced the crazy-quilt pattern so familiar
in every city; a pattern that reflects the battle between vested
land-owner interests and the legitimate growth and natural change
inherent in an urbanization process predicated upon the philosophy
of “ highest and best use. ”
Coincident with the zoning concerns stated above, was the
public concern over building uses within a purely health orientation.
Various health agencies began inspections for compliance under
what we now call a housing code. The objective of such regulations
is the improvement of living conditions from socio-psychological,
as well as sanitary and safety, standards. (6) Where housing
codes have been enforced, the above objectives are generally
sacrificed on the altar of hardship of owners under existing housing
market conditions. (7) Such results are inevitable where the living
environmental concerns of the housing code are applied after the
structural safety concerns of the building code have been satisfied.
Satisfactory human living conditions were assumed under
conventional wisdom, predicated on a laissez faire market philos
ophy, to have been incorporated into all consumer-acceptable,
competitively-priced dwellings. Experience has proved the con
verse and produced varied legal-administrative responses as
solutions, such as combining the functions of building and housing
regulations under one administrative body. Although this may be
unworkable, (8) logic and experience dictate that unless housing
code features are incorporated at the construction stage under
building code regulation, and their cost incorporated within the
primary mortgage they will be unaffordable by subsequent owners.
Fortunately, the regional model building code formuiators and
the mobile home industry are finally becoming aware of technolog
ical advancements by promulgating and adopting performance code
standards and abandoning specification standards, which were un
concerned with and devoid of housing code environmental goals.
Recognizing that the private developers were building structures
safe against the natural elements, code inspectors can now begin
to concentrate their regulatory attentions on the quality of living
conditions within the dwellings.
Even though the new standards are oriented toward structural
problems, the minimum air temperature, plumbing and electrical
guidelines will maintain a living environment more in compliance
with existing housing codes. Manufactured modules which conform
to the new standards unquestionably satisfy code sanitary require
ments by being inherently immune to gnawing rodents and to vermin
which infest conventional urban residential structures. With this
shift in focus, the overlapping goals of building and housing codes
should become recognized and legislative-administrative acts
formulated to unite the goals into a solitary effort to provide decent
housing.
It is within this context of parochial, separated municipal
regulatory activity, devoid of unified goal achievement, that the
dilemma of the lower cost house must be considered. No longer
is it produceable by conventional methods; no longer are land,
financing and promotional costs sufficiently low that new entrepre
neurs can enter the competitive market at this price scale. Only
by manufacturing methods within the mobile-modular field can such
dwellings supply market demands. Quite suprisingly, however,
the mobile home is an anomaly in American planning and zoning.
It has never been seriously considered in official planning litera
ture or practice, yet, in 1969, 6 million Americans inhabited
mobile residences. (9)
APPLICATION OF ZONING: Restriction by Technicality
Zoning ordinance regulation of mobile homes has been most
observable as a restriction to sites within trailer camps under
special requirements as a conditional use (10) and by total exclu
sion from any residential district. (11) Where they are permitted
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as residences, their location has been relegated to agricultural or
non-urban districts, (12) or to an onerous situs in conjunction with
industrial (13) or commercial uses only. (14) The cumulative
effect has been to exclude entirely or relegate the mobile home to
the worst use areas. (15)
The primary regulatory device of the ordinance is the defini
tion per se. If a dwelling is “ a building or part thereof designed
or used exclusively for residential purposes” (16) and a building
is “ any structure designed (or), constructed . . . for the support,
enclosure, shelter or protection of persons . . . except a tent or
trailer, ” then a mobile home ( i .e ., trailer) is not a permitted use
in the R-Single-Family Dwelling District of Richmond, Virginia;
but, is within regulated trailer camps only. (17) This particular
code definition of trailer emphasizes, as so many do, its vehicular
design for highway travel, thereby disqualifying it as a structure
on the characteristic of permanency of attachment to or on the
ground.
To summarize, in defining just what a “ dwelling” is for
zoning and building purposes, municipal ordinances have consis
tently placed heavy emphasis upon a structure’s residential
character (18) as a home, residence, or sleeping place for human
beings. However, although a dwelling unit may be a room or group
of rooms located within a dwelling which forms a habitable unit for
one family, (19) a dwelling for human habitation may not be a
house trailer. (20) Another means of exclusion is to relate duration
of fixation to site as a determination of dwelling permanency.
“ Temporary housing is defined as any tent, trailer, mobile home,
or any other shelter designed to be transportable and not attached
to the ground, to another structure, or to any utility system on
the same premises for more than 30 consecutive days. ” (21)
These forms of classification and restriction, enacted without
stated reasons, have been enforced perfunctorily under various
guises of case precedent.
The Common Law definitional evolution of dwelling has not
been free from ambiguity. Any house in which people dwell might
be considered a dwelling. (22) However, even though a dwelling
has various meanings under the laws of burglary, insurance, home
stead, and real property, the predominant distinguishing character
istic appears to be habitability for man. (23)
Davis v. State (24) held that by looking at the outside facts and
circumstances, use of a building as a dwelling would make it so.
Whereas the character of building occupancy (as a residency for a
family or habitation by man) defines dwelling, the purpose for
which the dwelling was erected may not always be controlling. (25)
However, where a dwelling classification has been made to depend
upon more than the fact that it is a building the use of which is
habitation for man, such an interpretation has been ruled arbitrary
and unreasonable. (26) A dwelling, under an equity interpretation
of a deed restriction, was a house possessing the requisite ele
ments for habitability: four walls and a roof. (27) “ The interior
arrangement within the four walls and under the roof determines
whether the same is a ‘dwelling house’ , or what kind of ‘house’ it
is. ” (28) A structure may be a dwelling house if it is sufficient to
permit one family to reside in it through a 6-month winter. (29)
An old Wisconsin Supreme Court case (30) construed their home
stead statutes to hold that for the property exemption to obtain the
owner must in good faith inhabit the commercially leased structure
as his residence, habitation or dwelling house. (31)
Within the meaning of an Indiana arson statute, a trailer with
out wheels resting on cement blocks was not a dwelling house for
lack of permanent attachment to the realty. (32) Of greater rele
vancy was the four man dissent which challenged that conclusion
first on the grounds that both burglary and arson statutes have the
fundamental concern for preservation and security of home and
habitation. Secondly, a more precise reading of dictionary and
case definitions emphasize the key elements of occupancy of a
building by a family as a place of habitation and residence regard
less of the character of the structure. (33) The dissent assembled
an impressive array of state cases dealing with a variety of
structures, some of which were not permanently affixed to the
earth, yet were held to be dwellings. Finally under the facts
elicited in testimony, the trailer, as affixed to blocks resting on
the earth, possessed all the internal features to make it completely
suitable as a dwelling, and was so used when burned.

Under the law of burglary, a dwelling house is an apartment,
building or cluster of buildings in which a man, with his family,
resides. (34) Thusly, this representative sampling of definitional
cases conveys the common thread of intent to and actual occupancy
for residency purposes. There are no requirements as to the type
of structure or of its permanency, although some support for
permanency of occupation is observable. (35)
Although at first glance, the mobile home would seem to fit
within the definition of dwelling, the recent decisions which test
such meanings reflect a lack of consistency. (36) If a consistency
is identifiable it is within the problematic concentrations of per
manency of attachment to the realty, duration of location in one
place, and mobility.
The case decisions interpreting ordinance definitions are over
whelmingly against permitting residential intrusion of mobile units,
as exemplified in a 1970 case. (37) There have been decisions to
the contrary based upon inadequately drawn ordinance definitions
(38) which do not specifically exclude trailers. (39) Once perma
nently immobilized, a unit may conform to the dwelling terminology.
(40) And, owners who affix the home to the property with the intent
to use it for residential purposes have been held to comply with the
previously identified common law definitions. (41) However, intent,
occupancy, and suitability as habitation may be disregarded in
favor of an overriding concern with the physical facts about a build
ing justifying its exclusion. (42)
When trailer usage is segregated into designated parks, uti
lization of one as a separate unit or as a component part of a build
ing, regardless of suitability for living within a residential zone,
is a punishable offense. (43) The dissenting opinion, herein, was
more discerning than the majority concerning the issue of whether
a structure built off the site was a residential dwelling. Consid
ering the necessities of life, so long as job opportunities are
locally obtainable, the intent to maintain a mobile home perma
nently affixed should be controlling. The interdependency of main
taining a residence and retention of gainful employment were
clearly recognized. Permanency of residence was further identi
fied with mode of taxation. Finally, as long as a mobile unit was
as much a functioning residence as a conventional house rolled
onto a site, and it conformed to local residential regulation, its
manner and place of construction were insufficient criteria on
which to exclude it from residentially zoned districts. The manu
factured unit was entitled to the same regulation and protection
afforded to other dwellings. Anything less would constitute illegal
arbitrary actions.
Fortunately, the overwhelming uninformed legal fixation of
equating transient or temporary living with off-site produced
housing is being whittled away, (see the Sioux Falls, Lescault, In
re Willey, Morin and Crawford cases noted above) by the realiza
tion that any permanent residence, regardless of construction,
can be moved from its foundation to another location. (44)
In a retrospective review of these decisions which conflict
over interpretations of seemingly uncomplicated terms, it becomes
clear that the courts seldom delve into the explicit and implicit
reasons for legislative classification and segregation. The
mechanical restatements of precedent are applied without much
analysis and the pronouncements are more provoking for their
unspoken policy presumptions than for their gymnastics with facts
and ordinances in order to produce denials of use. Unfortunately
a degree of ignorance and hearsay perpetuate these policy pre
sumptions, and the Bench and Bar have been as uninformed as the
legislatures. To complete the understanding of the restrictive
legal decisions, several factual studies will be explored to indicate
the fallacies in and refutability of the underlying presumptions.
Mobile homes are inhabited by lower-class peoples, who are
striving to move up on the economic scale and, therefore, have no
community concern or any permanency. One study’s set of statis
tics disputed this by showing that over 60 per cent of mobile home
dwellers were engaged in some manual or blue-collar work, (45)
while another study reported that within the predominant manual
employee-occupant group there were included a substantial per
centage of skilled and semi-skilled tradesmen. (46) A survey in
New England (47) indicated that mobile homes were used by a
cross section of moderate income households. Almost a fifth of
the occupants were young married couples and another fifth were
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even conventional housing. The terms manufactured or modular
house should be defined to mean units which, as delivered from a
factory or other assembly point, contain completely installed
electrical, plumbing, and temperature control equipment. Perma
nent affixation should be described with the primary significance
placed upon the owner’s intention to make the dwelling stationary
on some kind of stable foundation by the removal of transport
mechanisms.
In conjunction with such definitional improvements, modifi
cations should be made in the residential zone sections of the
ordinance. Permitted uses should include the transportable
dwelling. Lot size and yard requirement site standards should be
flexibly adjustable to modular dimensions. Minimum dwelling
unit standards on interior floor area might be reduced to reflect
the moderate needs of child-less single and young or older couples.
External architectural standards might be established with
reference to existing municipal architectural trends or designs.
Lot coverage and floor area ratios should be adjustable accordingly.
In other respects, the modular dwelling would comply with other
general residential regulations, such as on height and off-street
parking.
The cumulative effect of these first steps in ordinance r e 
vision would be to make it legally difficult for municipal officials
to more restrictively interpret the zoning law against permitted
dwellings. Their guiding public policy would be a forthright pro
motion of new decent housing which incorporates technological
advancements for the greater general welfare. If there is to be a
restriction, it must be predicated upon a factual determination
that the manufactured home is unfit for permanent residential use.
Only after this point has been established can it be maintained that
public regulation of a transportable dwelling is reasonable. Since
this issue of reasonableness involves the definition of dwelling for
human habitation, only objectionable and substandard units would
be excluded under the suggested ordinance revisions. In this way,
the challenge of meeting the existing low er-cost housing demand
might be made somewhat less overwhelming.

older or retired couples. This same survey indicated that econo
mic segregation of what many town residents felt was a lower
income group was one motivation behind some zoning and sub
division regulations excluding the mobile home. (48)
Disregarding for a moment the facts which contradict the
inferior income fallacy, should mobile home occupants c reate a
slum with their allegedly inferior life styles, a depreciated mobile
unit would be easier to remove by either public or private action
than a dilapidated conventionally-built structure.
The presence of a mobile home has an adverse effect upon
residential property values. As an appraiser’s maxim this state
ment would be true regardless of where a house were built if the
new dwelling has a significantly lower value than all surrounding
properties. This is also true where there is a great disparity in
appearance between the new and existing structures, whether the
former is an ultra-modern conventionally-built or an all-aluminum
clad mobile home. But, this is a surface or cosmetic feature of
the transportable dwelling which has been corrected by most major
manufacturers. Bair has maintained that there is no valid plan
ning or economic basis for exclusion where standards of appearance
have been met. (49)
Mobile home residents do not carry their fair share of the
local tax burden. This allegation is not maintainable, either,
when it is realized that the young married and over-55 age group
occupants, 40 per cent of the mobile dwelling occupants as pre
viously identified, do not add to the burden of the school districts
with school-aged children. And, as more jurisdictions decide that
mobile units are permanent affixations to the realty, they become
taxed as real property either by statute or court decree, (50)
thereby supporting municipal services. Equitable real property
taxation is realized in mobile home parks and subdivision zones
also, because taxes are included in the lot rental fee.
RECOMMENDED LEGISLATIVE CHANGES
Clearly, the manufactured off-site dwelling, characterized as
a mobile or modular home, satisfies or can satisfy legal and con
temporary definitions—standards of suitability for habitation. The
unstated policy presumptions underlying official restrictions on
such dwellings are not justifiable, as new socio-economic research
indicates. How then, in light of the present housing crisis and the
long-term national housing goals, can zoning ordinances be co r
rected to permit an equal treatment of these homes ?
The most logical first step would be to factually demonstrate
to the unconcerned municipal officials that the current factorybuilt house is a dwelling, just as suitable and safely habitable as
conventionally-built dwellings within their jurisdictions. A policy
statement, in the form of a purpose clause, should be incorporated
into the zoning ordinance to that effect. Further, municipal
acceptance of environmentally-sound housing, from the building and
housing code objectives, would dictate that it become official
policy to separate transportable dwellings from transient trailers
and vacation campers. The latter vehicles, defined by their us
ability independent from municipal utilities, should be relegated to
locations within designated parks only.
Such a distinction, formulated to overcome misconceptions
about legislative intent, sets the stage for the deletion within rele
vant ordinance sections of restrictions against homes of a mobile
nature. Establishing a definitional distinction between types of
manufactured units would foster more legal precision among legis
lators, lawyers and administrators. It is an unfortunate fact that
in the cases analyzed for this study, the term “ tra ile r,” with all
of the explicit evil connotations from the ‘30’s and ‘40’s, was used
when referring to a permanently immobilized 1970 dwelling.
Definitions within the ordinance should be redrafted to exclude
arbitrary restrictions against mobile homes as dwellings and
against buildings not possessing load-bearing exterior walls.
Dwelling should be written so as to include ready-for-humanoccupancy, off-site manufactured units, which are intended to be
securely affixed to a foundation and, which are dependent for
occupational use upon connection to public utilities. Minimum
floor areas and exterior finishes might be designated, also.
Duration of permanent attachment may not be a necessary require
ment in view of the cost of affixation and the potential movability of
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LABOR-REQUIREMENT AND -COST COMPARISON OF CONSTRUCTION METHODS
FOR LOWER-COST HOUSING

by
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INTRODUCTION

SENSITIVITY ANALYSIS

One of the most serious problems facing the building industry
in many countries is the shortage of labor with the attendant es
calation of wages. The inability to keep pace with the steadily
growing demand for construction work of all kinds (especially
housing) is forcing both state and industry to promote the search
for new construction methods and improvement of existing ones,
with a view to increased building capacity. As a result, there is
an urgent need for reliable quantitative data on the comparative
labor requirements of the different methods.
Earlier attempts to this end, based on contractors’ records
or on unrated observation on the site, proved unsatisfactory, in
view of the large number of factors involved (design, topography,
organization, wage incentives, individual skill, interchangeability
of labor, material and capital, e tc.), as a result of which the
time requirement of apparently identical operations varies widely.
In order to eliminate these distorting influences, in comparing
four of the main construction methods used at present in Israel
for lower-cost housing (1)(2)(3)(4), data on direct labor-require
ment were compiled in time studies with all measured times nor
malized. (For a brief description, see Table 1) These latter
studies formed, in turn, the basis of a cost comparison undertaken
with the aid of a model embodying the interrelationships of all
time- and quantity-dependent cost components of the production
process. (5)(6)

Table 9 shows the influence of a change in labor cost on the
percentage pattern of the total construction cost for the different
methods, with the conventional method as 100%.
Finally, Table 10 shows the influence of dwelling-unit size on
the direct-labor requirement, illustrated for the 75 sq. m . unit
with the same floor-plan as given in Figure 1.

DIRECT LABOR REQUIREMENT
Direct labor comprises the man-hours (site and plant) directly
proportional to the production output. The requirement was de
termined by a group-study technique (7), based on systematic
sampling with a fixed interval of one minute, permitting simul
taneous observation of all gang members at work. Although these
studies were conducted on identical four-storey terrace buildings,
prevalent in lower-cost housing in this country (Figure 1), small
differences in design details, floor-area or finishing standards
were inevitable. Results for a prototype dwelling of 57 sq. m.
floor-area, are presented in Tables 2, 3, 4 and 5, and the pro
portion of skilled and unskilled labor for the various methods, in
Table 6.

BACK

ELEVATION

DIRECT- AND INDIRECT-LABOR COSTS
A comparison of the labor costs, with the conventional method
as 100%, is given in Table 7. Indirect labor comprises the wages
of those engaged in supervision, direct administration, inspection,
operation of equipment and maintenance in the plant and on the
site. Being time-dependent, its requirement was calculated for
a four-block project (128 dwelling units), assuming an annual
plant output of 750 units.
The relative weights of the direct- and indirect-labor in total
cost of each method, subject to local conditions, are listed in
Table 8.

♦Head, Department of Construction Management and Economics,
Building Research Station, Technion, Israel Institute of Tech
nology, Haifa.

F|g. 1. Basic Project - Floor Plan and Elevations
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Table Is

Main Features o f Analyzed Construction Methods
Stairs

Partitions

Prefab, flights;
landings cast in
situ

Hollow concr.
blocks

External Walls

Skeleton

Method
Convntl.

Reinf. concr.
columns.beams,
floors cast
in situ

Crosswalls*

Load-bearing
reinf. concr.
cross-walls;
floors cast
in situ

Partial
prefab.

Load-bearing
walls cast in
situ. Floors
prefab, on site

Compre
hensive
prefab.
(field
plant)

Bearing walls
and floors prefab. in plant

Hollow concr.
blocks with ext.
rendering in
three coats

-Do.-

-Do.-

Prefab, in
field plant
wi finish, incl.
carpentry; no
rendering

-Do.-

Flights prefab, in
plant; landings
prefab, on site

Flights and
landings prefab. in plant

-Do.-

Plaster
Two coats

Two coats on
masonry, single
coat on concr.
walls

-Do.-

-Do.-

Reinf. concr.
prefab, in
plant

Single coat

*A system of parallel reinforced concrete walls (cast In crane-transported
steel forms) supporting a continuous reinforced concrete floor slab.

Direct Site-Labor Requirement, Finishing Operations

Table 3:
Table 2:

Direct Site-Labor Requirement in Erection of Carcase
Work item
Work Item

Conven.
Method
Substructure:

2.50

Cross
Walls
Method
2.61

Partial
Prefab.
Method
2.62

Compre
hensive
Prefab.
Method

Conven
Method

Formwork
Reinfmt.
Casting
Formwork
Reinfmt.
Casting
Formwork
Reinfmt.
Casting
Formwork
Reinfmt.
Casting

Concrete work, total

0.60
0.09
0.11
—

—
—

—

—
1.35
0.62
0.23
0.38
0.05
0.15

0.96
0.18
0.24
1.02
0.13
0.18
0.32
0.03
0.11

—
—
0.86
0.13
0.17
—
—
—
0.06
0.01
0.02

3.58

3.17

1.25

—

—

Walls:

—
—
—
—
—
—
—
—
—
—
—
—

1.34

Plaster - interior

2.33

1.67

1.62

- exterior

0.73

0.71

—

—

0.23

0.23

0.23

0.23

—

0.11

0.11

1.96

1.68

Whitewash
External loints

—

3.29

Walls, total

2.61

Other operations:

-

Prefabricated Elements:

Floor tiling (terrazzo)

1.06

1.06

1.01

0.96

Floor skirtings

0.21

0.21

0.21

0.21

Wall tiling

0.15

0.15

0.15

0.15

In-situ terrazzo

0.11

0.11

0.08

0.08

Sanitary installation

0.88

0.79

0.78

0.50

Electrical installation

0.49

0.46

0.42

0.32

Carpentry

0.68

0.68

0.63

0.62

Glazing

0.04

0.04

0.04

0.04

Paint

0.71

0.71

0.71

0.71

—
—
—
—

0.62
0.19
—
0.36

—
0.51
0.08
0.29

0.12

0.12

0.09

0.09

Ironwork

0.13

0.13

0.13

0.13

Prefab, elements, total

0.12

0.12

1.26

0.97

Roof insulation

0.29

0.29

0.29

0.29

Masonry: - External walls
- Partitions

0.51
0.97

0.22
0.45

Cleaning and miscellaneous

0.44

0.44

0.41

0.37

0.45

—

Other operations, total

5.19

5.07

4.86

4.38

Masonry, total

1.48

0.67

0.45

—

Total site - labor

7.68

6.57

5.58

3.72

8.48

7.68

6.82

6.06

Total excluding substructure

5.18

3.96

2.96

0.97

Prod, of slabs and landings
Erection - Walls
- Partitions
- Slabs
- Stairs and
other elements

—
—
—

Cross
Walls
Method

net floor area
Compre
hensive
Prefab.
Method

Partial
Prefab.
Method

2.75

Concrete in Storey:
Columns Walls
Slabs
Lintels -

Man-hours per sq.m

Man-hours per sq.m, net floor area

—

—

—

Grand total, Site Finishing
Operations

-
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Table 4 :

Table 6:

Direct O ff-S ite Labor Requirement, Plant Prefabrication

Breakdown of Direct Labor Requirement
(in percent)

Man-hours per sq m. net floor area

Item

Partial Prefab.

Method

Comprehensive

Method

Percent compared
with conventional

Proportions

Prefab . Method

Unskilled

Skilled

Unskilled

26.8

100.0

100.0

69.6

30.4

83. 7

100.2

63.8

36.2

70.4

109.7

62.2

37.8

64.2

105.7

Skilled

Conventional

73.2

Cross-walls
Partial Prefabrication
Comprehensive Pre
fabrication

Production in plant:
- External walls
- Internal loadbearing walls
- Partitions
- Lintels
- Slabs and landings
- Stair flights

Carcase, total

0.52

0.52

—

0.57

-

0.34

0.03

-

-

0.62

0.08

0.08

0.63

2.13

Table 7:

Comparison of Labor Costs* (in percent)

Construction Method

Labor

Conven.
- Finishing operations

2.40

0.68

Grand total, plant

Direct

0.27

0.05

in plant

Method
100.0

87.6

79.2

73.1
144.0
81.5

Indirect

100.0

97.8

125.2

In total

100.0

88.8

84. 7

*In calculating this cost, wages were taken as
than at the site.

Table 8:
Table 5:

Summary - Direct Labor Requirement for
Dwelling Unit of 57 sq.m. Floor Area

Description

Substructure (Table 2)
Carcase in storey on site
(Table 2)
Plant excluding finishing
ops. (Table 4)
Wall finishing ops. on
site (Table 3)
Carcase plus wall
finishing ops.

2.50

2.61

2.62

2.75

5.18

3.96

2.96

0.97

0.63

2.13

3.29

2.61

1.96

1.68

8.47

6.57

5.55

4.78

Other finishing ops., total
Site total
Off-site total
Grand total per sq.m,
net area

5.19

5.07

4.86

4.38

0.05

0.27

5.19

5.07

4.91

4.65

16.16

14.25

12.40

9.78

-

-

0.68

2.40

16.16

14.25

13.08

Method
28.1
—
3.8
—

25.7
—
3.8
—

22.6
1.0
3.6
1.4

] 7. 7
3.8
3.3
2.4

Total labor

31.9

29.5

28.6

27.2

Materials
Investment
Transportation
General site expenses
Overhead

56.0
4.4
—
1.9
5.8

57.5
5.1
—
1.8
6.1

57.1
5.6
0.4
2.1
6.2

56.8
6.3
1.7
1.9
6.1

100.0

100.0

100.0

100.0

Direct labor:

site
plant
Indirect labor: site
plant

88.2

80.9

75.5

100.00

88.2

76.7

60.5

11.64

10.46

85.2

76.6

85.2

71.6

Total per sq.m, net area
excluding substructure

13.66

Percent, compared with conv 100.00
100.00
As above, site only

Table 9:

The Influence of a Change in Labor Cost (in percent)

Change
in
Labor
Cost

12.18

9.43
69.0
51.5

257

Compre
hensive
Prefab
Method

Cross Partial
Prefab
Walls
Method Method

Conven.

Construction Method

Percent, compared with conv 100.00
As above, site only

lower at the plant

Construction Method

Grand total
Other site-finishing ops.
(Table 3)
Finishing ops. in plant
(Table 4)

5 'X

Relative Weight of Labor Cost (in percent)

Cost Component

Man-hours per sq.m, net floor area
Compre
hensive
Partial
Cross
Prefab.
Prefab.
Conven.
Walls
Method
Method
Method
Method

Compre
hensive
Prefab
Method

Cross Partial
Prefab
Walls
Method Method

Conven.
Method

Cross
Walls
Method

Partial
Prefab
Method

-10

100.0

96.1

94.8

Compre
hens ive
Prefab
Method

96.1

0

100.0

95.9

94.4

95.6

+10

100.0

95.7

94.2

95.2

+20

100.0

95.5

93.9

94.7

Table 10:

The indirect labor cost was analyzed on a project consisting of
128 dwelling units (57 sq. m .) in four-storey terrace buildings
with an annual plant output of 750 dwellings.
Compared with the conventional method, the total saving in
direct labor ranges up to 24.5% in the comprehensive construction
method and up to 39.5% for the work on site. Excluding the sub
structure, it is up to 31% and 48.5% respectively. The total sav
ing in skilled labor is up to 36%, and for unskilled labor the re
quirement is up to 5.7% higher.
The total construction cost, with the conventional method as
100%, was 95.9% for the cross-wall method, 94.4% for the partial
prefabrication and 95.9% for the comprehensive prefabrication
method. The relative weight ranges between 31.9% and 27.2% of
the construction cost, with 3. 8% and 5.7% for the indirect labor
respectively.
An increase in labor cost favors the more mechanized meth
ods. Its increase by 10% reduces the percentage for the com
prehensive prefabrication vs. the conventional method from 95.6%
to 95.2%.
Enlargement of the floor-area to 75 sq. m. (by 31%) reduces
the direct labor requirement per sq. m. by 11.4% in the conven
tional method up to 13.8% in the comprehensive prefabrication
method.

Direct Labor Requirement for Dwelling-Unit
of 75 sq. m.

Description

Man-hours per sq. m. net floor area

Partial
Prefab.
Method

Compre
hens ive
Prefab.
Method

Conven.
Method

Cross
Walls
Method

Substructure

2.50

2.61

2.62

2.75

Storey carcase, site

4.71

3.47

2.37

0.72

Plant production
(finishing ops. excluded)

0.48

1.72

Wall finishing

2.87

2.32

1.78

1.46

Total for carcase with
wall finishing

7.58

5.79

4.63

3.90

Other finishing ops.

4.24

4.14

Finishing ops., plant

Other finishing ops., total

—

-

4.24

—

—

4.14

4.02

3.66

0.04

0.19

4.06

3.85
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HOUSING FUNCTIONS: SHELTER AND ENVIRONMENT
by
Michael J. Burrill, Capt., USAF*

HOUSING FUNCTIONS: SHELTER + ENVIRONMENT
Housing is more than shelter. It determines our level of
physical comfort, to be sure. But the dichotomy between occupant
needs, income, and housing costs gives housing a greater dimen
sion: it sets our budget for other basic needs. Housing reflects
our economic status and serves as a vehicle for communicating
our aspirations, creativity, and individual identity. The multi
plicity of housing functions establishes housing as the most im
portant element in our life-style.
For many, obtaining adequate housing is an unreachable goal.
The slum dweller is reconciled to existence, rather than living,
in housing that is a source of despair and loneliness, a reminder
of failure, a depressant that does not go away when the working
day ends. Even those who can afford the best of shelter discover
that money does not always buy the sense of place, stability, and
harmony with the natural environment that can be found in viable
communities.
The critical factor that sets this frame of mind is that the
relationship between income, housing needs, and housing costs is
almost a constant over which the individual has little control. It
is too late to take back children after you have had them; rents
keep pace with wage increases. Proclamations from government
and the design/construction industry that the relationship is im
proving will not pay the bills.
For lower income levels, the choices available hardly fulfill
basic shelter needs, not to mention the functions of a successful
total environment. This lack of choice is most apparent in basic
design factors. In almost any new project, or even within most
cities, the choice of locations, house types, styles, room sizes,
and room arrangements reflect what the market analyst thinks will
sell, rather than what the occupant would like to have. Mass
housing has taken the designer away from his client, leaving the
occupant with control over only the details. Housing has become
a “ take-it-or-leave-it” industry.
Increasing subsidies to bridge the gap between income and
housing costs will not solve this aspect of the problem, because
it affects all income levels. The paradox is that it is possible
within the restraints of existing technology to substantially improve
design and reduce occupancy costs. Some of the solutions are so
obvious, when you examine all of these costs at once, that it hurts.
They remain out of our grasp because they seem too simple or
innovative to work, or may reduce somebody’s profit margin, or
would require massive changes in the organizational and political
establishment of the housing industry.
The missing formulas for low-cost housing outlined herein are
not intended to masquerade as universal solutions. They are pre
sented to provoke change, on the premise that the special interest
groups that control housing design and costs may eventually realize
that they stand to gain as much from change as they might lose.
METHODOLOGY: MATRIX OF VARIABLES
A matrix illustrates the relationships between dependent
variables. As such, it represents an effective way to show the
gap between income and housing costs, the factors that affect
housing performance, and the elements that determine total occu
pancy costs. By displaying these relationships graphically, the
matrix simplifies the task of finding ways to improve design and
reduce costs.
The matrices used are concerned with five basic variables
that even the most unsophisticated individual is aware of every
time he looks for a new place to live. He will put them in question
form:

“ What can I spend?”
Occupant Income
Housing Functions
“ What will living here be like? ”
“ What does it cost to live h ere?”
Housing Costs
Construction Systems “ How is this house m ade?”
Life Cycle
“ How long will this house la st?”
The synthesis of the matrix analysis is an outline of the missing
formulas for low-cost housing.
The figures used throughout the cost analysis represent the
hypothetical market structure of a major US city; they are not
intended to reflect average costs for a specific location or the
entire country. It is almost impossible to get accurate median
costs for many of the items, and to preclude arguments along that
line it should be clearly understood that the numbers game is used
here only to show the consequences of changing certain basic
assumptions. If the numbers selected correspond closely to costs
in your home town, it is no accident - they were not intended to
grossly distort reality.

OCCUPANT INCOME: “ WHAT CAN I SPEND?”
The simple answer is, “ Not very much. ” If you assume that
the market structure of our hypothetical city only permits spending
25% of your net-take-home pay for housing, the mismatch between
income and housing costs is clearly presented in Table 1.
The basic occupancy costs shown are for new housing of
moderate size for the unit types indicated. Median prices for
land, site development, and construction cost were used to arrive
at the figures (calculations are shown later). The wide variation
in total occupancy costs reflects the difference between the first
years after a family is created, when furnishing costs are high,
and later years when most furniture has been acquired.
The initial conclusions are obvious: the family earning $200/
month cannot even afford a new dormitory room, and even the
family with $600/month income has trouble finding a low-rise
apartment or mobile home to meet their needs. The $2000/month
elite may spend more than 25% of their income to live in wellfurnished high-rise apartments, townhouses, or single-family
homes. And the least expensive unit to build, the mobile home,
actually costs more to occupy than most low-rise apartments.
The paradox of the market is that the existing housing in good
condition costs almost as much as new housing. The options left
open to the lower-income family are to occupy older housing at a
higher density than it was designed fo r, live in housing in poor
condition, accept a subsidy, or spend a higher portion of their in
come for housing (eliminating some other basics such as food/cars).
An option that is not open, even though it would seem preferable to
these, would be to occupy new housing that is not quite as large or
expensive as median-price housing but which offers equal construc
tion quality and the stability of a successful environment. Such
housing is not readily available because the government criteria
establishment has proclaimed it unfit for human habitation (or at
least, mortgage insurance) and the financial community has, in
turn, set financing terms that are out of reach. And so the tale of
this city is that it has slums, vacant housing is not really vacant,
the rich subsidize the poor, and no one is very happy but the people
who make money off the status quo. The government’s solutions
miss the forest for the trees in its backyard.
HOUSING FUNCTIONS: ‘ *WHAT WILL IT BE LIKE TO LIVE
HERE?”
The complexity of housing functions and the relationship be
tween the various parts of a house makes it extremely difficult to
answer this question. Until very recently, the standards in com 
mon use throughout the industry were concerned primarily with
how a house should be made, rather than how it should perform.

♦Architect, Housing Division, HQ USAF, 2709 Cheverly Avenue,
Cheverly, Maryland
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TABLE 1: MATRIX OF OCCUPANT INCOME vs. HOUSING
OCCUPANCY COSTS
Variables: Income, Unit Type, Unit Size, Costs
Monthly Net Income
25%
Total
$200
400
600
800
1000
2000

$ 50
100
150
200
250
500

Unit Type

Occupancy Costs
Basic*
Total**

Dormitory Room
High-Rise Apartment
Low-Rise Apartment
Townhouse
Single Family House
Mobile Home

$ 70
$175-350
$105-220
$160-230
$210-290
$170-200

TABLE 2: MATRIX OF HOUSING FUNCTIONS
031

B
§

3
wi

$ 75-125
$180-680
$155-575
$190-775
$250-885
$180-230

g
o

H ><D
PERFORMANCE CRITERIA

* PITI or Rent + Utilities, Maintenance
♦♦Basic Costs + Transactions, Moves, Furnishings
Even today, such a basic issue as minimum unit sizes has been
grossly oversimplified.
The recent publication of HUD’s “ Operation Breakthrough”
Guide Criteria has made a long-emerging trend official: the day is
not far off when performance specifications will supplement, if not
supplant, prescriptive materials specifications in general use.
Criticism of the criteria, despite its shortcomings, has been mild —
given its potentially revolutionary impact on the industry. The basic
approach has been generally applauded, except by old-guard skeptics
who refuse to accept the possibility that performance levels can be
stated precisely enough to insure good results. Others have argued
that some of the specific criteria establishes performance levels
that are much higher than the norm, resulting in a quality break
through but precluding a cost breakthrough.
The performance approach is perfectly suited for turnkey
housing programs, however, and other US Government Agencies
have followed HUD’s lead and attempted to eliminate these short
comings. The Air Force recognized that the “ Breakthrough”
criteria was not adequate for use as a self-sufficient procurement
document. The Statement of Work for its FY-72 Industrialized
Family Housing Program combined the performance approach with
prescriptive criteria from FHA 300 (Minimum Property Standards)
and Air Force requirements for unit sizes, electrical/mechanical
systems, and mobility features. (1) The criteria for all aspects of
housing performance for 2900 units at 11 US locations was sum
marized in 100 double-spaced pages, supplemented only by FHA
300 and concept site designs for each base. This blend permitted
identification of acceptable conventional methods of construction
but also left the door open for innovations that met the specified
levels of performance.
The lack of consistent performance codes and a well-defined
hierarchy of enforcement officials adds an enormous, undertermined amount to the cost of securing design approvals. It remains
a direct barrier to volume production, especially but not exclusively
for factory builders. Designers, builders, and suppliers almost
universally support trends to reduce the number of code variations
and approval authorities. Local vested interests view such trends
with the alarm of railroad firemen, even though performance codes
would only supplement materials specifications and code enforce
ment would remain with local officials, who would defer to “ higher
levels” only when innovations required complex testing. HUD’s
task is to bring order to the chaotic “ chains of command” now
evolving so that the precedence of codes and approval authorities
is clearly defined.
A pure performance code would identify the performance level
and the role of each building element in meeting that requirement,
without mentioning specific materials. Materials, components,
and systems of construction which have met the test requirements
could be listed in tabular form in an appendix.
Table 2 is a diagram of the possible structure of a code
relating pure performance criteria to building elements. A matrix
intercept (♦) indicates that the element in question has an effect on
attaining the desired performance. (2) Example: “ Private outdoor
space shall be designed to eliminate noise and objectionable views
from or of the site, neighboring streets and houses, interior rooms,
and adjacent walls of the house and yard. ” Interior mechanical
systems and furnishings have little effect on this requirement.
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Community/ Privacy

*

*

*

*

*

Scope

*

*

*

*

♦

*

*

Arrangement/Circulation

*

*

♦

*

*

♦

*

Flexibility/Mobility

*

*

*

*

*

*

*

Appearance

*

*
*
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*

*

*

*

*

*

*

*

*
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*

*

*

*

*

*

*

*

*

*

*

♦

*

*

*

*
*

Structural Performance
Acoustic Environment

*

Illumination
Atmospheric Environment

*

Utilities Supply

*

*

♦

Waste Disposal

*

*

*

*

*

*

*

*

*

*

Communication

*

*

*

Safety

*
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*

*

*

*

*

*

Assembly/Disassembly

*

*

*

*

*

*

Life Cycle

*

*

*

*

*

Detailed quantifiable/qualitative criteria would appear in subpara
graphs for each matrix intercept.
Qualify control and construction process requirements would
appear under “ Assembly/Disassembly” ; maintenance requirements
and guarantees would appear under “ Life Cycle. ”
The matrix offers a unique outline of performance criteria for
housing sought by individuals in our hypothetical city - objectives
that its present housing has not met:
All Housing Types. Site design which relates the dwelling
unit to the community and preserves desirable natural features
(grades/trees) to the front and rear of units; unit design that places
windows only where views make sense; unit appearance that is not
artificially contrived to mask underlying sameness or that does not
consist of irrelevant, ill-proportioned vestiges of another era;
multi-function rooms that permit flexible furniture arrangements;
mobile partitions and storage elements to recognize that user needs
change as much at home as at the office; more storage space; units
designed for future expansion to reduce moving expenses; lowmaintenance building envelopes; quiet mechanical systems that use
less fuel; flexible construction systems that depend on standardized
components rather than standardized floor plans to achieve con
struction economies; involvement of the occupant in selecting the
combination of elements that suits his life-style.
Apartments. Project design that provides focal points for
community interaction and identity and relieves the sense of iso
lation; large units and play areas in close proximity for families;
ground-floor units that reflect their greater privacy and safety
requirements; usable balconies and private outdoor spaces (multi
function rooftops); private auto parking with adjacent storage areas/
workrooms; envelopes that provide complete acoustical and visual
privacy at low cost.
Townhouses. Site design which provides rational setback
variations that define usable outdoor spaces/courts; additional
private open space (balconies/courts/atriums/roof-tops); private
parking; unit appearance that clearly defines each individual unit
without creating an eclectic collection of styles throughout the
project; acoustically-private party walls.
Single-Family Units. Site design at high density that does not
sacrifice privacy (zero-lot line sideyards/rearyards that eliminate
views from adjacent units); intensive development of patios; unit
orientation, grading, and setbacks that relieve monotony in a manner
harmonious with the design of the unit and existing natural features.

HOUSING COSTS: “ WHAT WILL IT COST TO LIVE HERE?”
The important thing to notice about almost all of this perfor
mance criterion for successful environments is that it involves
innovative design, rather than increased construction cost. Those
requirements that would increase costs would be offset by those
that would reduce costs.
Rational cost/benefit analysis in housing is rare - unequal
houses are compared on unequal terms to reach conclusions that
do not make common sense. Perplexed individuals in our hypo
thetical city get a straight answer only when asking, “ What is the
p r ic e ? ” , because that is all the builder has thought about. But
what they really want to know is , “ What will it cost me to live
h e re ?” - for the unit, maintenance, utilities, transactions, taxes,
furnishings, and all the other items that are a part of total occu
pancy costs. Then the pros and cons of unequal housing (as
described above) could at least be weighed against accurate pro
jections of unequal costs.
Not only does the individual want to know whether it will cost
more to live in a mobile home, single-family unit, or townhouse
than to live in an apartment, or cost more to own rather than rent.
He also wants to know why housing that is inexpensive to build is
not always inexpensive to live in; why some of the basic items he
purchases cost more to finance and have higher payments than the
house itself, even though he never misses a payment; why so much
of his monthly paycheck goes for intangible items that have no
apparent benefit. A close look at all of the cost factors will reveal
the impact of changing basic premises underlying the most impor
tant ones.
This matrix (Table 3) for comparing housing costs on equal
terms indicates why there is no simple answer to how to cut costs.
Champions from one segment of the industry almost universally
favor solutions within their own realm without considering the
effect of other factors. It is critical to always come back to that
simple baseline question, “ What will it cost to live h ere?”
Components of total occupancy costs are indicated vertically
and factors affecting these costs horizontally. As in the matrix of
housing functions, an intercept (*) indicates that components and
factors are related.
Figures for these cost components for the typical new housing
in our hypothetical city are indicated in the matrix of total occupancy
costs in Table 4 on the next page.
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+

=

SALES PRICE
Down Payment
Princ ipal/lnterest/T erm
Taxes/Insurance
Utilities
Maintenance/Repair
Administrative Services
Vacancies/Profit

+

BASIC OCCUPANCY COSTS
Transactions
Moves
Furnishings

=

TOTAL OCCUPANCY COSTS
Depreciation/ Appreciation

Unit Type

Unit Size

Quality

*
*
*
*

*
*
*

*
*

*
*
*

*
*
*
*
*

*
*

*

*

*
*
*

*
*
*

*

*

*

*
*

*
*
*
*
*

*
*

*

*
*
*

*
*
*

*

*

*

*

*

Mobility

=

*

Income

+

Land
Site Development
Dwelling Unit
Public Amenities
Profit Location Modifier

Density

TABLE 3: MATRIX OF TOTAL OCCUPANCY COSTS
Variables: Unit Type, Size
Location

The mobile housing of the city deserves special comment
because it lacks almost all of the elements of a successful total
environment but yet offers perhaps the best opportunity to achieve
acceptable low-cost housing:
Mobile Homes. Site design that relates the unit to the site and
other units, bringing it closer to ground level to eliminate the need
for stoops/patios/skirts; removing the wheels on-site without
imposing the restrictive code requirements, transaction co sts, and
taxes associated with real estate; private open space that is
visually and acoustically separate from the street and adjacent units;
unobtrusive parking logically related to entry doors; entry paths
clearly defined from the street; concealed utility connections;
functional variations in setback and orientation; carports, awnings,
and storage sheds of materials compatible with the unit and propor
tioned to overcome the linear massing of single-wide units; a
wider range of exterior finish materials, roof shapes, and floor
plans (especially smaller double-wides with massing more suitable
for site design than single-wide units); facade materials and relief
that give units substance and an air of permanence; aluminum
skins that do not try to imitate other materials; efficient room
arrangements that eliminate wasted circulation space and provide
increased storage (witness the Pullman car); room design that
accommodates standard-sized furniture and permits several
arrangements; variations in ceiling heights; neutral wall finishes
that permit the occupant to create his own style; high-quality
furnishings selected individually by the occupant; improved
acoustical/structural/mechanical system performance; construc
tion process that achieves true volume production and scale
economies through the use of standardized components; construc
tion that will last 50 years and increased occupant property owner
ship (prerequisites of long-term financing).

*
*

*
*

*
*

*
*

*

*

*

The figures shown in the matrix of total occupancy costs
(Table 4) reflect median unit sizes, densities, and costs for
land, sitework, and unit construction for conventionally-designed
new housing in our hypothetical city. They include the proportionate
share of public amenities typically provided for each unit type, and
they include builder’s profits, modified to reflect prevailing market
rates for existing housing. The monthly PITI payment is based on
8% 30-year conventional financing and 2% annual property tax rate
for fixed-site housing; PITI for mobile homes is based on 10%
10-year financing and a flat $300/year tax rate. Real property
transactions costs for townhouses and single-family units assume
a 5-year cycle between moves and costs from 9% to 18% of property
value for one complete cycle (buying/selling). It is assumed that
apartments are predominately renter-occupied and mobile homes
treated as chattel property, significantly reducing transaction costs
for both. Moving costs are directly proportional to unit size and
reflect a 5-year cycle. The wide range of furniture costs stems
from quality variations and depends on whether items are bought
gradually for cash or bought all at once (and then financed for 3
years at 12%). Furnishings costs are directly proportional to unit
size, except for mobile homes (which come fully-furnished and this
item is included in PITI).
Clearly, these costs would vary widely for larger or smaller
units, other locations, and other basic assumptions regarding
financing terms and moving cycles. The methodology for display
ing relative cost differences in this manner is our main concern.
Each cost element will be examined in turn after some interesting
paradoxes are noted:
1. Basic occupancy costs are a suprisingly low proportion of
total occupancy costs, even if median quality furnishings are
chosen.
2. The most compact form of housing, the dormitory room, has
a median square-foot cost so high that the cost advantages of
small size are lost. Per person, it may be the most expen
sive housing.
3. High-rise apartments cost considerably more to rent than
low-rise apartments of comparable size, because they have
more amenities and services and cost more to build and manage.
4. Basic occupancy costs for owner-occupied townhouses are
lower than for smaller low-rise apartments because of lower
construction costs and the absence of management costs.
5. The unfavorable financing terms for mobile homes add $55 to
$66 to the monthly cost of living in such units, compared to
the same units financed at 8% for 30 years.

TABLE 4: MATRIX OF TOTAL OCCUPANCY COSTS
Variables: Basic Occupancy Cost (Unit Type, Size, Cost, Utilities, Maintenance/Repair, Services, Vacancies, Profit)
Total Occupancy Costs (Basic Costs + Transactions, Moves, Furnishings)
Size

Unit Type

Median
Cost

Room
High-Rise
Apartment
90% rental

Low-Rise
Apartment
95% rental

Townhouse
10% rental

Single
Family
15% rental
Mobile
Home
2% rental

Monthly Occupancy Costs (% and $ amount)
PITI Util
Maint
Admin Vacan Basic
Profit Costs
Repair
Svcs
60% + 9% + 6% + 13% + 12
$ 43
$ 6 $ 4
$

Trans
5 yrs

Moves
5yrs

Furnishings
Range

Total
Costs

$1-3

$1-50

$72-124

$3-6
4-8
5-10
6-12
7-14

$3-130
5-210
7-270
7-300
8-330

$181-311
247-456
295-563
323-622
351-680

9

$ 9

= 100%
= $71

0%
+$

$ 21
29
35
37
40

= 100%
$175
238
283
310
336

0%

22
31
37
40
44

$ 9
12
15
16
17

= 100%
$108
155
183
200
217

0%

2
3
4
4
4

$3-6
4-8
5-10
6-12
7-14

$4-150
6-230
7-280
8-310
8-340

$156-264
165-393
195-473
214-522
232-571

0% + 0%
6
7
9

= 100%
$161
187
228

9%-18%
$21-42 $3-9
6-18
25-50
8-24
30-60

$7-300
9-360
11-460

$192-512
227-615
277-772

1000SF $19,000
1200SF 21,000
1500SF 25,500

80% + 16% + 4% + 0% + 0%
$171 $ 34 $ 9
194
39
10
11
229
46

= 100%
$214
243
286

9%-18%
$28-56 $3-9
32-64
6-18
8-24
38-76

$8-332
10-400
12-498

$253-611
291-725
344-884

650 SF
700 SF
800 SF

87% + 11% + 2% +
$147 $ 19 $
160
20
173
22

= 100%
$170
184
199

$10
10
10

$0-10
0-10
0-10

$182-197
196-211
211-226

1BR

150 SF

OBR
1BR
2BR
3BR
4BR

400 SF $11,700
650 SF
16,200
800 SF
18,900
900 SF
20,700
1000SF 22,500

60% + 9% + 6% +
$105 $ 17 $
143
21
170
26
186
28
202
30

OBR
1BR
2BR
3BR
4BR

450 SF $ 8,550
700 SF
12,050
850 SF
14,150
950 SF
15,550
1050SF
16,950

70% + 16% + 4% +
$ 76
$ 17 $
109
25
128
29
140
32
152
35

2% + 8%
4
$
6
7
8
9

2BR
3BR
4BR

900 SF $14,300
1100SF
16,700
1400SF 20,300

80% + 16% + 4% +
$129 $ 26 $
151
29
183
36

2BR
3BR
4BR
1BR
2BR
3BR

$ 4,800

$ 9,200
10,200
11,200

13% + 12%
10
$
14
15
19
20

0% + 0%
4
4
4

6.

Total occupancy costs for owner-occupied single-family
housing is only somewhat higher than costs for much smaller
high-rise units with the same bedroom count.
7. Transactions costs add 15%-30% to basic occupancy costs for
owner-occupied real property.
8. The monthly cost of furnishings can exceed the cost of the
dwelling unit itself - they become reasonable only when lowcost items are bought gradually for cash.
The most important factors affecting total occupancy costs in
our hypothetical city are construction costs, financing terms,
transactions costs, and furnishings costs, and they will be ex
amined in detail in search of formulas for low cost housing.
Further discussion of utilities costs, maintenance costs, rental
overhead and profits, and moving costs will be omitted for the sake
of brevity.
The range of housing types and construction cost components
in our city is shown in Table 5 on the next page. Median figures
correspond to those in the matrix of total occupancy costs. Once
again, several paradoxes abound:
1. The rental housing is almost exclusively limited to higher
densities and smaller unit sizes. Individuals who desire
mobility apparently do not have large families. Public housing
is included in this category even though larger units at lower
densities could be built for the same money.
2. Clustered multifamily units (high-rise/low rise apartments and
townhouses) are rarely sited at low densities even though land
costs per unit in suburban areas would still be reasonable and
more space would be available for public amenities.
3. Mobile housing is rarely sited at single-family-unit densities,
even though this would not add much to total construction costs
and it is difficult to make effective use of land when you are
dealing with a long, narrow box with unpredictable door and
window locations.
4. Unit sizes at the low end of the scale for fixed-site housing
are the same, because the criteria to qualify for mortgage
insurance dictates these minimums. Curiously, 25% of the
new housing in the city (mobile homes) is exempt from these
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$2-7
2-7
2-7

standards, which indicates that many people are perfectly wil
ling to survive with less space. The number of years people
spend in dormitory living also tends to support this view.
5. Efficiency and 1-BR units are almost unheard of in low-density
housing, even though occupancy costs for such units would be
much less at lower densities. People who need little space
inside apparently also have no desire for private outdoor
living. Median unit sizes increase as density decreases,
reinforcing the point.
6. Mobile homes are rarely as large as other single-family units,
even though they have the lowest construction cost.
7. Land costs do not decrease in direct proportion to density
increases, because higher-density housing is almost always
on more expensive land. Site development costs decrease as
density increases, but only up to a point. Cars cost more to
house at high densities (garages cease to be an option).
8. Clustering units (townhouses/apartments) does not always
reduce the cost of enclosing a given amount of space, despite
economies inherent in shared streets, services, walls, floors,
and other elements. Shared elements have higher performance
levels that may result in higher component costs. Clustered
single units, however, consistently reduce land and sitework
costs.
The consequences of ignoring accepted market practices can
be vividly illustrated by the matrix of land, site development, and
unit construction costs, Table 6. Expanding the range of choices
available for each unit type will radically alter the initial cost
figures.
1. Siting units at higher densities on less expensive land clearly
reduces land costs.
2. Increasing density reduces site development costs by reducing
the scope of items required for each unit (as long as quality
changes such as garages do not become mandatory).
3. For any given site, unit type, and density, clustering units
closer together has the same effect (offset only by the cost of
additional privacy/drainage features). Clustering also results
in more public open space.

TABLE 5: MATRIX OF FACTORS AFFECTING UNIT CONSTRUCTION COSTS
Variables: Unit Type, Density, Unit Size, Land Cost, Sitework, Unit Costs
Unit Type

Range

DU/AC

Unit Size
OBR
1BR
SF
SF

2BR
SF

3BR
SF

4BR
SF

Land
Cost
$/DU

Site
Work
$/DU

Unit
Cost
$/SF

Density

High-Rise Apt
90% for rent

low
median
high

30
50
200

350
400
600

500
650
800

600
800
1000

800
900
1200

950
1000
1400

100
1000
3000

2000
3500
5000

11
18
35

Low -Rise Apt
95% for rent

low
median
high

10
20
30

350
450
600

500
700
800

600
850
1000

800
950
1200

950
1050
1400

100
250
2500

1000
2000
3000

9
14
20

Townhouse
10% for rent

low
median
high

5
10
15

600
1000
1200

800
1200
1600

950
1500
2000

50
500
1000

2000
3000
5000

9
12
20

Single Family
15% for rent

low
median
high

1
3
7

600
1000
1200

800
1200
1600

950
1500
2000

250
2000
5000

3000
4000
6000

9
13
20

Mobile Home
2% for rent

low
median
high

5
7
10

700
700
1000

700
800
1200

50
200
2000

2000
3000
4000

7
10
13

600
650
700

TABLE 6: MATRIX OF CONSTRUCTION COST VARIABLES
Variables: Land Cost, Density, Site Development Costs, Unit Size/Cost
Unit Type/Density
DU/AC
SF
SF MH TH
SF MH TH
APT
TH
APT
APT

2
5
10
20
50
100

Land Costs Per Acre
Rural.........
$500
$1000

$5,000

$10,000

$50,000

$150,000

$250
100
50
25
10
5

$2,500
1,000
500
250
100
50

$ 5,000
2, 000
1, 000
500
200
100

$25,000
10,000
5, 000
2,500
1, 000
500

$ 75,000
30,000
15,000
7,500
3,000
1,500

$50,000

$100,000

$500,000

$ 5,000
2, 500
1,500

$

$ 500
200
100
50
20
10

Site Development Costs Per A cre
$5,000
$10,000
$30,000
SF
SF MH TH
SF MH TH
APT
TH
APT
APT

2
5
10
20
50
100

Gross
Area

$8

Dwelling Unit Cost Per SF
$10
$12
$14

$16

$18

$20

200
400
600
800
1000

$1600
3200
4800
6400
8000

$2000
4000
6000
8000
10000

$3200
6400
9600
12800
16000

$3600
7200
10800
14400
18000

$4000
8000
12000
16000
20000

SF
SF
SF
SF
SF

$2,500

$ 5,000
2,000

$2400
4800
7200
9600
12000

$ 6,000
3, 000
1,500

$2800
5600
8400
11200
14000

5,000
2,000
1,000

$

5,000

Larger units can be derived by adding or doubling these figures.
4.

Increasing density reduces dwelling unit costs only if quality
or scope increases (such as m ore vertical circulation space)
do not become mandatory.
5. Reducing unit size has an enormous effect on construction
costs. Trends towards increased dorm itory, apartment,
and mobile home living indicates that efficiently-designed
small units are becoming increasingly acceptable. Minimum
space standards should reflect these trends.
6. Reducing square-foot construction costs through industrializa
tion, increased production volumes, and greater use of stan
dardized components will also have considerable effect.
The cumulative effect of implementing all of these changes at
once is shown in Table 7. Only median figures are shown —
readers may project figures above and below the median.
These changes would result in construction costs for each unit

type as much as $10,000/unit low er, across the board. Granted,
some of these savings would be passed on to occupants only if
non-profit housing authorities as well as developers built such
housing for sale or rent without subsidy, to provide a sufficient
impact on prevailing market rates.
Financing c o s ts , transaction c o s ts , and furnishings costs can
also be reduced considerably.
Financing term s can become targets for change either through
direct government control (price freeze) or subsidy. Changes in
prevailing rates and terms would affect everyone, regardless of
income, without the red tape of present low-incom e subsidy p ro
grams .
1. Decreasing the interest rate 1% subtracts 50-80£ from the
monthly payment for every $1000 borrowed.
2. Increasing the mortgage term from 30 to 40 years has less
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TABLE 7: MATRIX OF FORMULAS FOR LOW-COST HOUSING: CONSTRUCTION COSTS
Variables: Unit Type, Density, Land Cost, Sitework Costs, Unit Size/Cost
Unit Type/Density
DU/AC
High-Rise Apt
Low-Rise Apt
Townhouse
Single-Family
Mobile Home

50
30
15
5
5

Unit Size
0BR 1BR
SF
SF

2BR
SF

3BR
SF

4BR
SF

Land
Cost
$/DU

Site
Work
$/DU

Unit
Cost
$/SF

Total
Costs
$/DU

350
350
400
400
400

700
700
800
800
800

850
850
1000
1000
1000

950
950
1200
1200
1200

100
150
250
1000
500

2000
1500
2000
3000
3000

16
12
10
11
8

$7700-17300
5850-13050
6250-14250
8400-17200
6700-13100

550
550
600
600
600

TABLE 8: MATRIX OF MONTHLY OCCUPANCY COSTS FROM DEBTS
Variables: Term , Interest Rate
Interest Rate

30yrs

35yrs

40yrs

$6.44
7.06
7.71
8.39
9.08
10.49

$5.99
6.65
7.33
8. 05
8.77
10.25

$5.70
6.38
7.10
7.84
8. 59
10.12

$5.50
6.21
6.95
7.71
8.49
10.09

59-67(1
3.82

62-71(1
4.05

66-75(1
4.26

68-77(1
4. 42

300
rH

Monthly Payment Per $1000 for Variable Terms
5yrs
lOyrs
15yrs
20yrs
25yrs

6%
7%
8%
9%
10%
12%

$19.33
19.80
20. 27
20.76
21.24
22.23

$11.10
11.61
12.13
12.67
13.21
14.32

$8.43
8.98
9.55
10.14
10.74
11.95

$7. 16
7.75
8.36
9.00
9.65
10.98

Increase 1%
Increase 6%

47-50(1
2.90

51-56(1
3.22

55-61(1
3.52

4.49

Rate/Amount

ly r

2yrs

3yrs

4yrs

5yrs

12%

$1000
$5000
$10000

$ 89
444
888

$ 47
235
470

$ 33
166
332

$ 26
132
263

$ 22
111
222

Rate/ Amount

5yrs

lOyrs

15yrs

20yrs

25yrs

30yrs

35yrs

40yrs

8%

$ 20
101
203
304
406
811

$ 12
61
121
182
243
485

$ 10
48
96
143
191
382

$

$

$

$

$

$ 1000
$ 5000
$10000
$15000
$20000
$40000

8
42
84
125
167
335

8
39
77
116
154
309

7
37
73
110
147
294

7
36
71
107
142
284

7
35
70
104
139
278

TABLE 9: MATRIX OF MONTHLY OCCUPANCY COSTS FROM
TRANSACTIONS
Variables: Transaction Costs, Years Between Transactions
Constants: $25,000 Unit, 7% VA Loan, 30-Year Term

effect on monthly payments than a 1% drop in the interest rate,
but the difference between 10 and 30-year financing for mobile
homes is a whopping $5 per $1000 borrowed, per month, even
at a constant 8%.
3. Combining both points, it is easy to see why short term fi
nancing of $10,000 worth of furniture (3 yrs at 12%) costs $259
per month more than long-term financing of a house the same
price (30 yrs at 8%), during the payment period.
4. The mobile home industry should reflect on these points before
arguing that higher-quality mobile homes that have a 50-year
actual life and high-quality furnishings would not be easy to
sell.
To these costs must be added the monthly payment for taxes
and insurance. It is often argued that property taxes are less
equitable than income taxes as a means of collecting money, even
if all real property is taxed at the same rate and renters are
treated on the same term s as owners. Clearly, this is true if the
goal is to perfectly match income with taxes paid. It is obvious
from this study that housing property values vary widely for any
given income level. Calculating the effect of such a change is
beyond the scope of this study and it may turn out to be simply a
case of robbing Peter to pay Paul. The same amount of money
would probably have to be collected in the end, although at least it
would not influence a man’ s choice of where to live.
Increasing the availability of owner-occupied apartments,
particularly low rise units, and increasing the number of rental
low-density units would also significantly alter living patterns in
our hypothetical city. Both changes would reduce the costs by
reducing total management costs.

Cost/Transaction

Low (9%) $2, 250
High (18%) $4,500

Monthly Occupancy C ost/Yrs Between
Transactions
1
3
2
5
4
10
$187
$375

$ 93
$187

$ 62
$125

$47
$94

$37
$75

30

$19
$37

$0
$1

TABLE 10: MATRIX OF TRANSACTIONS COSTS
Variables: Transfer Taxes, Services, Title, Points, Realtor,
Taxes in Escrow
Item

Buyer

Seller

Total

Transfer Taxes/Services*
Points**
Realtor

2%-4%
0%-l%

1%
0%-7%
6%

3%-5%
0%-8%
6%

Subtotal, Expenses
Taxes In Escrow

2%-5%
0%-2%

7%-13%
Refunded

9%-18%
0%

Total Cash Outlay

2%-7%

7% -ll%

♦Includes Local Transfer Taxes, Title Search/lnsurance, Survey,
Lawyer’ s Fees
♦♦Low figure reflects loan made at prevailing market rate
High figure reflects loan made at 1% below prevailing market rate
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Real properly transactions costs create forced immobility for
properly owners. Reducing such costs would give property owners
the same freedom to move as renters and would greatly relieve
slum conditions by increasing property ownership (which is almost
always followed by improved housekeeping). Monthly costs range
from $19 to $375 in our city, depending on how often you move and
what you pay for (see Table 9). There is no reason apparent
to the average layman why it should cost so much more to
transfer real property than to sell a car, simply because more
money is involved and the lack of a serial number makes it harder
to describe the property. The situation creates an intolerable
condition for the “ first home” buyer. Even with a no-down pay
ment VA loan, it takes $1800 to move into a $25,000 house. The
circumstance that there is almost no low-density housing to rent
increases the sense of frustration. Where does the money go?
1. Property transfer taxes account for a large portion of the
total. The argument to transfer these to some form of monthly
income tax also applies.
2. Title search costs, title insurance costs, and lawyer’s fees
are high because of illegal kickbacks and unnecessary makework in many cases. (3) There are surprisingly few losses
as a result of title suits. Thus, most of this money goes for
services that have very little tangible benefit for the homeowner.
3. Points can, of course, be eliminated by control or subsidy or
transferred to some form of monthly payment like other
interest.
We need to examine the basic premises underlying these legal
and financial “ accepted practices’ ’ and ask ourselves if these
services are needed at all. If housing transactions are made simple
enough, there might not even be a need for the services of a realtor.
Costs of $400 for a complete cycle sound better? (Bankers,
lawyers, realtors may not answer!)
Furnishings costs, the surprising scapegoat of our study,
cannot be ignored. Obviously, you can save money by buying less
expensive items or living in a smaller unit. These changes, com
bined with lower interest rates and financing terms that reflect the
actual life cycle (10 years or longer) would have considerable
effect. Furnishings could be sold with the unit, or separately,
selected in either case by the occupant. Financing these at the time
of the first home purchase would give young families in all housing
types a new lease on life.
What happens to total occupancy costs when all of these methods
of reducing costs - construction, financing, transactions, furnish
ings - are combined at once ? The comparison between the cost
figures in Table 13 and those in Table 4 is a tale of two cities . . .
when will we act?

T A B L E 11: M A T R IX O F N E T E Q U IT Y
A P P R E C IA T IO N , IN C O M E
V a r i a b l e s : Y r s B etw een T r a n s a c t io n s ,
C o n s ta n ts : $ 2 5 ,0 0 0 U nit, 7% V A L o a n ,

A F T E R T R A N S A C T IO N S ,
T A X REFU N D
A p p r e cia tio n R a te , T a x R efu n d
3 0 - Y e a r T e r m , T r a n s a c t io n C o s t s

Item

C u m u lative N e t Equity A t End O f Y e a r
1
2
3
4
5
10

P u r e E q u ity
-T r a n s a c t io n s

$ 257
-2250

$ 531
-2 2 5 0

$ 826
-2 2 5 0

$1141
-2 2 5 0

$1480
-2 2 5 0

$35 78
-2 2 5 0

$25000
-2 2 5 0

- M in im u m Equity
+ 5% A p p r e c ia t io n
+ T a x A d van tage

-1993
+1250
+ 200

-1 7 1 9
+2500
+ 200

-1 4 2 4
+3750
+ 200

-1 1 0 9
+5000
+ 200

- 770
+6250
+ 200

+ 1328
+ 12500
+ 200

+23750
+37500
+ 200

- M a x im u m E quity

$ 543

$1181

$2926

$4691

$6480

$15 628

$64250

30

T A B L E 12: M A T R IX O F M O N T H L Y O C C U P A N C Y C O ST S FO R FURNISHINGS
V a r ia b le s : U nit S iz e , C o s t o f F u rn is h in g s , L i f e C y c l e , F in a n cin g T e r m s

Unit S iz e

100
500
1000
1500
2000

SF
SF
SF
SF
SF

F u rn is h in g s C o s t /S F
$3
$5
$1

$10

M on th ly C o s t
Y r s 1 -3 * A v e ra g e * *

$100
500
1000
1500
2000

$1000
5000
10000
15000
20000

$ 3 -3 3
1 6 -1 6 6
3 3 -3 3 2
4 9 -4 9 8
6 6 -6 6 4

$300
1500
300 0
4500
6000

$500
2500
5000
7500
10000

$ 1 -8
4 -4 1
8 -8 3
1 2 -1 2 5
1 6 -1 6 7

* A s s u m e s a ll fu r n is h in g s p u r c h a s e d in f i r s t y e a r and fin a n c e d at 12% f o r 3 y r s .
♦ ♦ A ssu m es fu r n is h in g s have an a v e r a g e l if e o f 10 y e a r s and a r e bought
g r a d u a lly f o r c a s h .

T A B L E 13: M A T R IX O F T O T A L O C C U P A N C Y CO ST S : H Y P O T H E T IC A L C I T Y #2
V a r ia b le s : Unit T y p e , S iz e , M e d ia n C o s t , B a s ic C o s t , T o ta l C o s t s
C o n s ta n ts: 7% 3 0 - y e a r F in a n cin g (U nit), 2% A n nual T a x e s /I n s u r a n c e
7% 1 0 - y e a r F in a n cin g (F u r n it u r e ); $40 0 P e r T r a n s a c t io n C y c l e ,
3 - 5 y r s C y c le , $ 1 - 1 0 /S F F u r n is h in g s , $ 5 /m o n th f o r M o v e s

U nit T y p e

#BR

S iz e

M ed ian
C ost

P IT I*

M on th ly O c c u p a n c y C o s t s
B a s ic T r a n s F u rn
T otal
C o sts C o s ts C o sts
C o sts

Room

1B R

150 SF

$3000

$25

$36

$ 5 -1 0

$ 2 -1 7

$ 4 8 -6 8

H ig h -R is e
50% r e n ta l

OBR
4B R

350 SF
950 SF

$7700
$17300

$64
$144

$91
$205

$ 5 -1 0
$ 5 -1 0

$ 4 -4 1
$ 1 1 -1 1 0

$ 1 0 5 -1 4 7
$ 2 2 6 -3 3 0

L o w - R is e
50% r e n ta l

OBR
4B R

350 SF
950 SF

$5850
$13 050

$49
$109

$70
$1 5 6

$ 5 -1 0
$ 5 -1 0

$ 4 -4 1
$ 1 1 -1 1 0

$ 8 4 -1 2 6
$ 1 7 7 -2 8 1

T o w n h o u se
25% r e n ta l

OBR
4B R

400 SF
1200SF

$6250
$14 250

$51
$119

$64
$149

$ 5 -1 0
$ 5 -1 0

$ 4 -4 6
$ 1 4 -1 3 9

$ 7 8 -1 2 5
$ 1 7 3 -3 0 3

S ingle
25% r e n ta l

OBR
4B R

400 SF
1200SF

$8400
$17200

$70
$143

$88
$180

$ 5 -1 0
$ 5 -1 0

$ 4 -4 6
$ 1 4 -1 3 9

$ 1 0 2 -1 4 9
$ 2 0 4 -3 3 4

M o b ile H o m e OBR
4B R
25% r e n ta l

400 SF
1200SF

$6700
$13 100

$56
$109

$70
$136

$ 5 -1 0
$ 5 -1 0

$ 4 -4 6
$ 1 4 -1 3 9

$ 8 4 -1 3 1
$ 1 6 0 -2 9 0

♦P IT I i s 70% o f B a s ic C o s t s f o r r o o m s , a p t s ; 80% f o r a ll o t h e r s .

CONSTRUCTION SYSTEMS; “ HOW IS THIS HOUSE MADE?’ ’
LIFE CYCLE: “ HOW LONG WILL THIS HOUSE LAST?”
The cost analysis of the preceding pages would be of little
value if the housing produced did not meet the performance criteria
for a successful environment, particularly with respect to construc
tion quality and durability. Trends towards industrialization are
viewed in many circles with mixed reactions - enthusiasm for its
potential to reduce costs and skepticism that the only way it will
do so is to reduce quality.
Systems building processes will cut costs if flexible, stan
dardized, multi-function components are developed that permit
volume purchasing and production. This is equally true for on
site and off-site production; frame, panel, or box systems; light
weight or heavyweight systems; fixed-site or mobile housing.
It is essential to recognize that standardized component
systems need not imply standardized designs. No one wants mo
notonous, look-alike housing to roll off the assembly line, no
matter how fast or how little it costs. The positive approach is
to realize that industrialization will bring with it increased flexi
bility and design freedom, imporved quality control and durability.
The curious thing is that our hypothetical client who lives in
the new housing will soon be unable to tell whether it was made in
a factory or on-site. It is significant that, to him, how well it is
made and how much it costs are considerably more important.
REFERENCES
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EFFICIENCY O F PLANNING OF HOUSING SYSTEMS
by
P.

Purushothaman,* Jawalker K. Sridhar Rao** and K. S. M athur***

INTRODUCTION
“ Building is such a familiar activity that few people yet realise
the highly divided character of knowledge of it at the level of pro
fessional competence or give much thought to the improvements
than can and must be made". (1) A building is a shelter from the
external environment. The external environment was originally
meant to define adverse climatic conditions caused by sun, snow,
wind, earthquakes e t c ., but it also includes in these days pollution,
noise, war damage and other man made effects. The modern man
also retreats to his home from the onslaught of socio-economic
and psychological pressures of the surrounding society in which he
is forced to earn his livelihood. It is of interest to recognize that
the very house he builds as a shelter in turn affects the environ
ment, often in an adverse manner, from which he is protecting
himself. Thus the interaction between man - society - nature shelter and networks he is using is complete. The evaluation of a
housing complex shall then be based on these five fundamental
aspects. Furthermore the presence of these five aspects can be
recognised in a single house, a colony of houses, a town, metrop
olis and so on. In the final analysis the whole world is but a
house in a broad sense. It was Doxiadis (2) who recognised the
unifying characteristics of human settlements and it was he who
once again identified the five basic interacting aspects namely
Nature, Man, Society, Shelter and Networks. It is proposed to
explicitly deal with these five aspects in the procedure to be devel
oped for evaluating housing systems.
Modern advances in technology have broken the barriers of
time and distance which insulated one society from another. The
problems of food, clothing and shelter for the teeming millions of
the world is to be analysed and solved at a global level. P iece
meal solutions for local problems shall be so integrated in a con
scious manner as to add up to a final global solution. We shall
restrict ourselves to low-cost housing since the majority of pop
ulation of the world who face housing problems belong to the lowincome group.
Analysis of any system is however restricted to the nature
and extent of data that is available at any particular time. The
advent of computers shows promise of an international data bank
and future planning of housing systems will be based on such ex
tensive data. For the present we shall restrict ourselves to what
is feasible at sub-system level. The unit that will be undertaken
for realistic analysis will be a single house situated in the colony
of an educational complex.
It is in the very nature of modern analysis that the data anal
ysed shall be in numerical form. Not all information that is avail
able on housing, with respect to the five basic aspects outlined
earlier, is in objective form . In fact most of the information
available is subjective in nature. Thus an absolute measure of the
efficiency of a system cannot be developed at this stage. Even for
comparative study utility measures are to be established based onthe designer’s or professional group’s preferences, experience
and judgement. It is assumed that through operational gaming
procedures such utility measures can be developed for all of the
relevant subjective information. When in addition these measures
are in non-dimensional form , it will admirably suit our purpose.
One more aspect which deserves attention is the ‘curse of
dimensionality’ . Any attempt at unification is usually thwarted by

the variety of dimensions that are associated with scientific and
technical information. This is more so in the case of housing.
We will use the simple process of non-dimensionalising each
aspect with respect to its own standard. In essence the proposed
procedures are based on the establishment of international stan
dards for subjective and objective information. In general such
standards are not readily available. However, minimum standards
for permanent low-cost housing have already been worked out by
the Department of Housing and Urban Development, Washington,
USA. (5) The proposed procedure will be illustrated using these
standards.
PROPOSED PROCEDURE FOR COMPUTING THE EFFICIENCY OF
A GIVEN PROPOSAL FOR LOW-COST HOUSING
A given proposal for low-cost housing can be analysed in the
sub-system level or component level. The principle used will be
the same in both cases, but the details will be different in nature,
composition, qualify and quantity. In this paper the procedure will
be explained with respect to a single house built in a colony situated
in an educational complex. Two alternate schemes were used in
actual construction, and a sample survey of occupant response has
produced enough subjective information indicating the efficiency of
each alternative. It will be shown that the proposed procedure
automatically confirms this occupant response. Further extension
of this procedure for evaluating the efficiency of the entire colony
is in progress.
It is assumed that all relevant objective information is readily
available in numerical form , and utility measures/scales for
subjective information have all been worked out. It is further
assumed that necessary minimum standards have been established.
The proposed procedure is so simple that it is easily cast in
sequential steps as shown below.
Step 1. The fundamental aspects of human settlements, namely
Nature, Man, Society, Shelter and Networks are further subdivided
into various attributes which are sufficient in number as to bring
out the true nature of each aspect. Let the actuals provided for
each attribute be Aj, B j, Ck, De , Em respectively for the funda
mental aspects mentioned earlier. Tlie maximum of the indices,
i,j,k ,e and m are not related in any manner whatsoever.
Step 2 . Let weightages W A j, W B j, W Ck , WDe and W Effl be
assigned, considering the importance of each attribute in each
aspect with respect to the total system.
Step 3. Let the corresponding standards be SA., SBj, SCk ,
SDe , SEm respectively.
Step 4. Let the r a tio s ^ ! ,
SAi

, SlS. , H®. , Em
SBj

Step 5, Compute (W Aj .

be computed,

SEm

), (WBj • 5 . ), (WCk • f k ),
SAj

(WDe •

SBj

), and (WEm • E'm ) respectively.
SDe
SEm

Step 6 . Compute the following quantities
A-

______
Z(WAi)

Efficiency ratio

V3

=

^
2 (W B j)
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SDg

and if any ratio is found to be greater than unity, assign unity and
compute the excess provided in proper units. These excess units
will be converted to ‘wastage cost’ eventually.

Efficiency ratio JJ^ = Z(WA. • __I )
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SCk

SCk

Z(WDe •

Efficiency ratio V^

Step 1 . Identification of attributes for each aspect is as below.
Actually, an operational gaming procedure can be used to make
these decisions. We shall recall at this stage that the site con
ditions are fixed, and we are evaluating various alternate designs.
With respect to various aspects, both subjective and objective
information are considered, and in the case of subjective infor
mation, utility measures are outlined in descriptive form. A
scale of values ranging from zero to number ‘n’ may be assigned
eventually. The utility measures are ordered in such a manner
that the best alternative in terms of efficiency comes out uppermost.

)

SDP
E(WDe)

Efficiency ratio i)E =

2 (WE™ • m )
v m SEm
2(WEm)

Step 7. Compute the excess units provided in each attribute
and multiply by the corresponding cost. Compute the sum of these
wastage costs and divide by the estimated cost of the building.
This number will be the ‘penalty ratio’ , p^, p^, p , p^ and p^
for the five fundamental aspects.
Step 8 . Once again weightages w A, w _ , w^, w^ and w^ are
--------A.
B C
D
E
assigned to the efficiencies obtained in step 6 depending on the
importance of the five fundamental aspects with respect to the total
system.
Step 9. The final efficiency factor is obtained as,

Nature 1) Water Resources - Meager, moderate, plenty
2) Plant Life
- Not possible - possible with effort extensive
3) Animal Life
- not possible - can be accommodated provisions made
4) Climate Inside
- very hot/very cold - can be conHouse
trolled-provisions made
Here is an example of subjective information and numbers
0 , 1 , 2 are assigned to these measures while computing efficiency.
Man

V =

(wA + w

+

C

+ w + w „)
D
E'

Step 10. Finally the penalty factor is obtained as
= WA ' PA
(w A + w „ + w „ + w^ + w i
' A
B
C
D
E'
The above steps appear to be cumbersome in the above descrip
tive form , but an illustrated example will bring out the fundamental
simplicity of the procedure. While the procedure itself is simple,
the value of these efficiency and penalty factors are discussed
separately. It will be shown later that the success of this procedure
depends on the choice of appropriate attributes for each aspect and
the weightage factors assigned at several stages. It will be noticed
that the principle of superposition has been assumed to be valid.
ILLUSTRATIVE EXAMPLE
Two alternate low-cost housing schemes already executed in
an educational complex were evaluated by this method to check
the validity of this approach with respect to occupant evaluation.
The items available in the ‘minimum standards ’ (5) motivated the
choice of attributes to a certain degree; but the attributes as
envisaged by Doxiadis ( 2 ) for a larger system such as a town
(reproduced in Table 1) were kept as guide lines. However, the
analysis of a single house requires the generation of a new table of
attributes, which the authors have attempted. It will be noticed
that some of the basic aspects have very little influence on the
overall efficiency of various housing design alternatives for a given
site.
TABLE 1: SUBDIVISION OF EKISTIC ELEMENTS (DOXIADIS)
1. Nature

Geologic resources, Topographical resources, Soil
resources, Water resources, Plant life, Animal life
and Climate.

2. Man

Biological Needs (space, air, temperature), Sensation
and Perception (the five senses), Emotional Needs
(human relations, security, beauty), Moral values.

3. Society

Population composition and Density, Social strati
fication, Cultural patterns, Economic development,
Education, Health and Welfare, Law and
Administration.

4. Shelter

Housing, Community Services (schools, hospitals),
Shopping Centres and Markets, Recreational Facil
ities (Theatres, Museum, stadium), Civil and Busi
ness Centres (Town Halls, Law Courts), Industry
and Transportation Centres.

5. Networks Water Supply system, Power supply system, Trans
portation system, Communication system, Sewerage
and Drainage, Physical Layout.
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1) Biological Needs - a) Cramped, moderately free, free
space
b) No air circulation, moderate,
free circulation
c) Open spaces inside house absent,
moderate, enough
2) Emotional Needs - a) No security, moderate security,
secure
b) No privacy, adequate privacy,
privacy for each occupant
c) Poor construction, good construc
tion, excellent construction
d) Bad surface treatment of walls,
floors etc. , moderate, pleasant
treatment of surfaces
Society 1) Population
- a) Inadequate for five members,
Density
manageable, spacious
b) Too many families in one building,
reasonable number of families,
individual house
2) Cultural Patterns - families with divergent cultures,
same culture, highly cultured families
in the same building.
Shelter (1) Living room area (2) Bed room area (3) Bath room
(4) Water closet (5) Kitchen and dining (6 ) Lobby and
balcony and verandah (7) Storage volume (8 ) Counter and
sink (9) Average height (10) Natural lighting area (11)
Natural ventilation area (12) Staircase width.
Herein we have the entire data in objective form.
Networks 1) Water supply - Nil, moderate, abundant
2) Power supply - Nil, some lights, lights and bulk power
3) Circulation - Difficult, possible, free
4) Sewerage - Open drains, Septic tanks, Public drainage
5) Communication - Poor, good, excellent between rooms
Step 2. This and the following steps will be illustrated through
a tabular statement fo r one aspect, say shelter. The weightages
are so assigned as to reflect the importance of various attributes
with respect to the aspect under consideration. It is advantageous
to have the sum of these weightages as ten, hundred etc.
Step 3. The corresponding standards are written down as in
Table 2.
Step 4. After computing the ratios of actuals vs standards
the excess provided is recorded. This approach was found
essential, since designers have a tendency to throw in the avail
able resources on unnecessary provisions. This leads to inade
quacy on the one hand and wastage on the other hand. Computation
of efficiency reveals inadequacies and the ‘wastage factor’ in
terms of total cost of building reveals the proportion of the resources
that are mishandled.
Steps 5, 6 and 7 are routine computations (Table 2)
Step 8 . It has already been seen that the five aspects Nature,
Man, Society, Shelter and Networks do not have equal importance
when alternate designs are evaluated for a given site condition.
Since site conditions are fixed, the importance shifts to Shelter,

TABLE 2A: QUARTER TYPE I ANALYSIS SHELTER

Item
No.

Cost
per
unit
Rupees

Description and Units

Weight
WD
e

Standard
SD
e

Actuals
D
e

D
e
SD
e

Penalty

D
e x
SD x
e
WD

Living Room - Sq. ft.

30.00

15

120

111

0.93

-

14.0

Bed Room - Sq. ft.

30.00

15

100

90

0.90

-

13.5

3

Bath Room - Sq. ft.

30.00

3

24

16

0.67

-

2.0

4

Water closet - Sq. ft.

30.00

8

20

13.5

0.68

-

5.4

5

Kitchen and dining - Sq. ft.

30.00

10

80

46

0.58

-

5.8

6

Lobby and Balcony and Verandah - Sq. ft.

30.00

5

75

10

0.14

7

Storage - eft

10.00

10

250

330

1.00

80c ft

0.7
10.0

8

Counter and Sink - Sq. ft.

20.00

3

6

3

0.50

9

Average Height - ft.

300.00

5

8

10

1.00

2. 00ft

5.0

10

Natural Lighting Area-percentage
of floor area

5. 00
per sq.ft.

10

10

13.5

1.00

3 .5 /

10.0

11

Natural ventilation area - percentage
of floor area
Stair case width - ft.

11/
0.5ft.

10.0

12

1
'2

*

e

1.5

5.00
per sq. ft.

10

100.00

6

5

16.0

1.00

3

3.50

1.00

5.0

Total area of Building - 450 sq. ft.
S82.90

SI 00

=

Efficiency factor tj d ~

829

Penalty cost = (80 x 10) + (2 x 300) + i(|^| x 450 x 5) + 1 ^ X 4 5 0 * 5) + (0. 5 x 300) = 1875 Rupees
Penalty ratio p^ = 1875/13500 = 0.14
TABLE 2B: QUARTERS TYPE H ANALYSIS SHELTER

Item
No.

Description and Units

Cost
per
unit
Rupees

Weight
WD

e

Standard
SD
e

Actuals
D

e

D

e
SD
e

Penalty

S r xWDe
e

1

Living Room - Sq. ft.

30.00

15

120

131

1.0

11 sq. ft.

15.0

2

Bed Room - Sq. ft.

30.00

15

100

131

1.0

31 sq. ft.

15.0

3

Bath Room - Sq. ft.

30.00

3

24

18

0.75

-

2.3

4

Water closet - Sq. ft.

30.00

8

20

12

0.60

-

4.8

10

5

Kitchen and dining - Sq. ft.

30.00

6

Lobby, Balcony and Verandah - Sq. ft.

30.00

5

7

Storage - eft

10.00

10

8

Counter and Sink - Sq. ft.

20.00

3

6

9

Average Height - ft.

300.00

5

8

10.5

1.0

10

12.6

1.0

10

Natural Lighting Area percent of floor area

5.00
per Sq. ft.

11

Natural Ventilation area % of floor area

12

Staircase width - ft.

*

Total area of Building 575 sq. ft.

10

80

66

0.80

100

1.0

25 Sq. ft.

8.0

75
250

350

1.0

100 Sq. ft.

10.0

1 Sq. ft.

3.0

7

1.0

5.00
per Sq. ft.

10

5

10.5

1.0

300.0

6

3

3.5

1.0

2.5 ft.

V

10.0

5 . 5

10.0

0. 5 ft.

94 1

f^o~ =

2a *
e c *
Penalty cost = (11 x 30) + (31 x 30) + (25 x 30) + (100 x 10) + (1 x 20) + (2. 5 x 300) + (tt^ x 575 x 5) + (t^ x 575 x 5)
+ ( 0. 5 x 300) = 4165 Rupees
Penalty Ratio

= 4165/17000 = 0.230
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5.0

2.6

SL00
Efficiency factor

5.0

6.0

S94.1

Networks, Man, Nature and Society, in that order. Weightages
of 4, 3, 2, 1 and zero are proposed.
Steps 9 and 10 are routine computations, but numerical details
are not given. This is due to the fact that the final efficiency and
penalty factors have no significance as such, unless a common
forum of world specialists have agreed upon the classification of
subjective information and the utility measures allotted to them.
Furthermore, the weightages play a central role in this procedure
and require the approval of the specialists.
However the universality of this proposal and the underlying
simplicity of the proposal are to be acknowledged. It is an axiom
that simple concepts, even though repeated a large number of
tim es, have more appeal to the human mind than complicated
proposals which lead to the unique answer in one long-drawn step.
Furthermore, freedom for adoption by various experts dealing
with diverse situations ■within a simple framework of rules is the
vital factor which renders one scheme successful with respect to
others. Table 2 is self explanatory.
CRITICAL EVALUATION AND CONCLUSIONS
A procedure for evaluating alternate designs for low cost
housing based on the unifying principles of human settlements
discovered by Doxiadis (2) was presented. An illustrative example
was given. The concept of assigning utility measures in an arbi
trary scale was outlined. There are other methods of evaluating
efficiencies as outlined by Sridhar Rao and Nair (3), Sridhar Rao
and Mathur (4) and Mathur. (6) These are more sophisticated
methods for restricted application. The proposed procedure is
more global in nature. The concept of arrogating the importance
of various aspects through appropriate weightages is a key concept
that is central in the theme outlined. The concept of a penalty
factor revealing the wastage in the use of available resources adds
to the value of the proposed procedure.
The inadequacies revealed by the low efficiency factor of
house Type I was confirmed from occupant response, and the
wastage associated with type II house was also confirmed.
It is recognised that while proposals such as these are simple
as they appear on paper, such a procedure demands on one hand
extensive studies on unification of standards, and international
effort on the other hand to narrow down differences in what is con
sidered as adequate, necessary and important.
Finally the flexibility of the entire proposal in accommodating
infinite variations in actual applications has its own appeal.

and economics.
In this paper a framework for an objective measure of efficiency
was developed. For those attributes of quality of housing for which
the “ value systems” are basically subjective in nature, utility
measures on elements/subsystems based on designer’s or profes
sional group preferences were used with appropriate weightages.
These were done for five conceptual aspects, (1) Nature, (2) Man
(3) Society (4) Shelter and (5) Networks. The concept of mini
mum standards for spatial, environmental and functional aspects
was next discussed. Each basic aspect was subdivided into appro
priate parts and the actuals provided in a given system were
rationalised with respect to corresponding standards and also
assigned a weightage. The cumulative sum of these numbers
further rationalised with respect to the total weightage assigned to
a particular aspect defined the efficiency of that aspect, say shelter.
After computing the efficiencies for the five basic aspects, weightages were once again assigned to these aspects based on the nature
of the project on hand, and the overall efficiency of the system was
computed. As a numerical example an existing system was eval
uated and it was shown that the application of this procedure truly
reflects the efficiency of the system as evaluated by the occupants
in a subjective manner.
It may be argued that the proposed procedure can be used to
evaluate a single house, a colony of houses, a metropolis and so
on. While the basic principle hinges on non-dimensional analysis
of each aspect with respect to its own standard, the assignment of
weightages made this proposal rational and realistic for the
analysis of housing systems built in various parts of the country
for various purposes. By changing the standards, this procedure
also revealed whether a system is tending towards obsolescence.
Finally the concept of “ penalty factor” was introduced whenever
provisions were made in excess of the stipulated standards. The
universal nature of the basis adopted for evaluation of building
complexes made this proposal attractive even though the final
number obtained as efficiency of a system had no exact physical
significance as such. For comparative study of various competing
alternatives the advantages of this procedure were self-evident.
REFERENCES
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SUMMARY
Low cost housing systems, besides providing economical
shelter for people at a desired level of performance or efficiency,
should interact effectively with natural, economical and social
environments. Several alternate solutions are usually conceived
and one is chosen for execution based on lowest cost or some such
arbitraiy criteria. Subsequent evaluations of these solutions, as
executed, reveal flaws and inadequacies. If such costly errors
are to be avoided, the immediate task is to define the efficiencies
of various competing alternatives on the basis of multiple criteria.
Such an approach helps the designer to balance between designs
with varied individual functional performances, aesthetic qualities
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CONSTRUCTION METHODS FOR LOW COST HOUSING IN IN D IA
by
Velayudhan Raveendran* and Madasamy Arockiasamy**

INTRODUCTION
Some new techniques for economy and speed of building con
struction which have been evolved through research and case studies
are presented. Under-reamed pile foundations and Hyperbolic
Paraboloid Shell foundations for black cotton and expansive soils of
low bearing capacity have been recommended. Circular reinforced
concrete column footings designed on the basis of theory of plates
are preferred to square or rectangular ones. Brick cavity walls
constructed with two leaves of brick on edge jointed together with
ties at intervals, soil-cement blocks in place of bricks are recom 
mended for low cost wall construction. Use of composite cementlime mortars, replacement of cement with fly ash to the extent of
20% are also found to assist in economy. Reinforced concrete pre
cast cored units for roofing and flooring, precast concrete channel
units, cellular concrete units, composite floor and roof with pre
cast reinforced concrete joists and brick in filling are recommended.
UCOPAN systems of houses which have been evolved and constructed
using prefabrication techniques in India are also presented.

It may vary from 1.5m to 3.0m . A minimum pile diameter of 20cm
should be used. The ratio of the diameter of the enlarged base to
that of the stem of a pile may vary from 2 to 3. It is found that
economy of the order of 20 to 30 percent can be effected by adoption
of under-reamed pile foundations.
Hyperbolic Paraboloid Shell Foundations
In soils of low bearing capacity the versatile hyperbolic para
boloid shell can be used as foundations for columns with much
advantage. The design of these footings assumes that the footings
act as an inverted roof. The footing is formed by four rectangular
hyperbolic paraboloids subjected to a uniform load (Figure 2). In
India such footings with heavy cross ribs have been constructed
near Calcutta and are now widely in use. These footings have been
found to be about 10 per cent more economical than the conventional
R. C. footings.

ECONOMICAL TECHNIQUES FOR FOUNDATION
4-it « ^
Under-reamed pile foundation

• • ffi

Soils like black cotton, expansive and filled up soils having
low bearing capacities for foundations posed a major problem.
Under-reamed piles are cast-in situ reinforced concrete piles
bored into soils to a depth of 3 to 4 metres and a bulb is formed
enlarging the base of the above-hole by under-reaming tool. To
increase the bearing capacity of the pile additional bulbs may be
provided (Figure 1).
The length of an under-reamed pile depends upon the depth of
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Fig. 1. Typical details of under-reamed pile

Reinforced Concrete Circular Column Footings
♦Graduate Student, Department of Structures, College of
Engineering, Guindy, Madras-25, India
♦♦Assistant Professor of Civil Engineering, College of Engineering,
Guindy, Madras-25, India
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Conventional types of footings are either rectangular or square
in plan and are designed for maximum bending moment providing
reinforcements in both ways. Test results on square footings have
shown that radial cracks develop in the footings at failure due to

circumferential bending moment. Reinforced concrete circular
footings designed on the basis of theory of plates are found to
require only 50 per cent less steel when compared to the conven
tional ones. This method of design results in a saving of 7 to 8
percent in the cost of footings. Spirally reinforced circular footings
have shown that circular footings compared satisfactorily with
corresponding square slabs designed by the yield line method con
sidering isotropic reinforcement.
MASONRY WALLS
Brick Cavity Walls
Cavity walls are constructed with two leaves of brick on edge
with an air gap of 4 to 5 cm in between and joined together with
ties of corrosion proof metal (Figure 3). This type of wall keeps
the inside face wall dry, reduces the consumption of bricks and
mortar without affecting the functional efficiency, economy in
space through reduction of plinth area, reduces the total dead load
to foundation and also allows for concealment of wiring, water
supply pipes etc. This type of construction does not require any
special masonry units and can be built with normal bricks. The
strength of the bricks should not be less than 100 kg/cm^ and the
mortar to be used in the brick work should be either 1:3 cement,
sand or 1:1:6 cement, lime, sand.

WALL WITH CAVITY
STARTlH<% AT f.L*

WALL WITH FLOOR LEVEL
&RLOW <%.L. ^ CAVITY WALL
STARTlH^ ftELoW F L.

F O U N D A T IO N .
Fig. 4. Details o f Foundation for Cavity Wall

10 cm; but their actual size is 29 x 19 x 9 cm making allowance
for their mortar joints.
Soil cement block masonry is cheaper than brick masonry
because only a small portion of cement need be used with the
available soil and can be manufactured using simple moulds with
unskilled labour at a much lesser cost than that involved for burnt
clay country bricks. On account of their regular shape and their
relatively large size soil-cement block masonry requires less
mortar than brick masonry.
Use of Composite Cement-lime Mortars
Composite cement-lime-sand mortars are superior and more
economical than cement-sand mortars for masonry work and
plastering. Cement has quicker setting time and earlier develop
ment of strength whereas lime has better workability, plasticity,
adherence to masonry, greater freedom from cracking, and resist
ance to water penetration. The use of such mortars are not
popular in India since standard quality lime is not available in the
market.
Replacement of Cement with Flyash to the extent of 20 percent

Thin cavity walls are limited to two storey buildings and must
be supported laterally. This lateral support is derived from roof
and floor. In multi-storey construction these walls can be provided
as container walls. Cavity may be started in this wall either right
above the concrete footing in foundation, or at floor level, depend
ing upon the location of the floor level with respect to ground level
(Figure 4). The cavity should be closed at the top of the wall and
around openings like doors and windows in order to maintain con
sistency of temperature and prevent ingress of moisture.
Comparing 23cm solid wall in 1:6 cement sand mortar and
20cm cavity wall in 1:1:6 cement, lime, sand mortar, 20cm cavity
wall offers savings of about 30 per cent in brick and 30 per cent
in cement. The overall economy is 15 per cent.

Experiments carried out by the Central Building Research
Institute, Roorkee, and other research institutions have shown
that flyash can be used as a replacement of cement up to 20 percent
by weight in structural concrete and cement mortars and for making
lime flyash mortars. This technique is at present widely in use in
India. Replacement of cement with flyash improves workability
without affecting the strength of concrete. It has also been estab
lished that addition of flyash does not increase the risk of corrosion
in the reinforcement, and on the contrary improves the water
tightness of concrete.
NEW TECHNIQUES FOR ROOFING AND FLOORING
Reinforced Concrete Cored Units
Cored precast units can be used for flat roofs instead of the
conventional solid slabs of 10 to 15 cm (Figure 5). The minimum
thickness of the concrete in the units is maintained as 25 mm and
concrete used is 1:2:4 mix with 10mm and down size aggregate.
The design of units have been evolved by Central Building Research
Institute, Roorkee, on the basis of actual loading tests. The cored
units are cast either at site or manufactured in a factory. At the
site the units can be cast in sufficient lengths and in widths of 30
cm or more. The units can have single core or more. The use of
cored slabs provide considerable saving in time. In factories
cored slabs can also be manufactured by extrusion process. Such
slabs can also be of prestressed concrete.

Soil Cement Block Masonry
Most soils available are suitable for stabilization. Such soils
generally require about 2 to 6 per cent of cement by weight of dry
soil to provide the required strength in soil-cement blocks. For
single-storeyed houses soil-cement blocks are made having a
minimum crushing strength of 18 kg/cm 2 at the age of 28 days.
Thermal insulation properties depend upon the type of soil used.
Their moisture absorption is very much less than that of bricks.
Blocks are manufactured to the standard modular size of 30 x 20 x
272
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Precast Concrete Channel Units
Reinforced concrete precast channel units are of trough type.
The minimum thickness of concrete in the units is maintained as
25mm. The units are manufactured with 1:2:4 mix concrete with
10mm and down size aggregate. These units can be cast at site
or in a factory same as cored units. The channel units can be of
prestressed concrete. The channel units have been found to be 6
to 10 percent economical as compared with the solid reinforced
concrete conventional slabs. The only disadvantage is that such
roofing will not provide a flush ceiling.

T7PICU

SKETCH OF CELU1UR UHlTt.

Fig. 6. Typical Sketch o f Cellular Unit

nominal reinforcement to bind and unite the joists, and then plas
tered.
Prestressed concrete joists can also be used instead of rein
forced concrete joists. Since the joists are light to be hoisted and
placed, and the roof does not require any centering on shuttering,
this type of roof gives about 20 percent saving in cost of construc
tion. Hollow clay or cement blocks can be used in place of bricks,
which will reduce the load on the roof and thereby the reinforce
ment in the bottoms can be reduced.

Precast Cellular Concrete Units
Another method of providing precast roofing and flooring is by
cellular concrete units placed on fully or partly precast beams.
The supporting beams are designed according to the conventional
design principles and partly precast. The recommended size for
the cellular units is lm x 0.5m x 0.1m which weighs approximately
55 kg and can be easily lifted and placed in position (Figure 6).
The dimensions can vary depending upon the actual requirement.
These units are precast with the help of simple rectangular frame
work of timber and hollow spaces left by placing timber form work
in position.

Precast Reinforced Concrete Sloping Roofs

Use of composite floor and roof with precast Reinforced Concrete
joists and brick in filling:
Composite construction of precast joists and ordinary bricks
used as filling between the joists can be economically adopted for
roofs and floors. Precast reinforced concrete joists are prepared
and placed in position at intervals so that the space between two
joists is exactly equal to the length of a brick. These joists can
have projections of about 1 cm to 1 1/2 cm on either side to support
the bricks placed between the joists, or can be made tapering so
that the space on the top is equal to the length of a brick, and at the
bottom about 1.5 cm to 2.5 cm less. The bricks can be chamfered
and placed in between the joists in such a case. The spaces between
the joists are filled up with bricks set up in cement mortar on all
sides. A thin layer (4 cm) of cement concrete is laid on top with
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This type of roof is particularly suitable for houses in areas
which are subjected to heavy winds. Two economical types of pre
cast sloping roofs are shown in Figure 7. The roof consists of
precast reinforced concrete T-shaped joists with 36 cm wide flanges
which overlap the adjacent area so that the ribs are only 30 cm
apart. The joists are of similar section for all spans except that
the depth varies for a set of spans.
The construction is very simple since the T-hoists can be made
in simple wooden mould at this site. The ordinary T-joist sloping
roof provides better thermal insulation than an ordinary tiled roof.
But the hollow roof with cement-sand mortar ceiling tiles which
can be provided at little extra cost possesses still better thermal
insulation properties, and also has a plain ceiling.
UNIVERSAL CONCRETE PANEL SYSTEM (UCOPAN) OF
CONSTRUCTION
The system essentially consists of precast reinforced concrete
trough shaped panels called UCOPANS which are used for both
walling and roofing. The roofing panels are 3.12m x 0.93m and

the wall panels are 2.81m x 0.93m. All UCOPANS are 3.81cm
thick and contain reinforcements. The close spacing of the rein
forcements in the shape of a mesh ensures adequate protection
against cracking due to temperature variations. The panels have
ribs about 20 cm in depth all along the perimeter of panel which
serve to provide the required stability and durability. In case of
wall panels, these ribs of adjacent panels for vertical gaps which
are filled with concrete and reinforcement, provide extra stability
to structure. Roof panels also form horizontal gaps with the help
of ribs and are filled with concrete and reinforcement (Figure 8).
The panels are cast horizontally in steel or wooden moulds.
The panels are cast and well cured. The door, window and
ventilator openings are formed in the wall panels by leaving gaps
at suitable places while concreting. For handling the panels Dr.
Zielinski has developed a three part simple hoist which has a
lifting capacity of 500 kg to 1000 kg. This hoist can be fabricated
easily using steel and timber sections.
The wall panels are placed side by side on a cement concrete
foundation 20 cm thick and 45.7 cm deep. The foundation contains
a continuous reinforcement at the base which projects at intervals
into the gap between two wall panels. This gap between the panels
is filled in with cement and mortar, thus firmly anchoring the wall
panels with the foundation. The roof panels are also in turn hooked
with the wall panels. Waterproofing consists of a 3.81 cm thick

lean concrete screed covered with bitumen tar and sand. As the
panels have been made smooth, the ceiling and walls do not need
any plastering. The structure is strong and rigid in spite of its
very thin walls of 3.81 cm thickness. This space of about 16.5 cm
up to the edge of the ribs can be filled in with insulating material
so as to have a flush face. Suitability of this system for multi
storeyed construction is to be analysed. Viewing in the context of
the rising costs of urbanization, the UCOPAN system offers a low
cost solution to reduce housing costs even though this type of house
does not provide required thermal comforts unless properly in
sulated .
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LAND BANK PROJECT: COMPUTER SIM ULATIO N OF A LAND BANK TO PROVIDE SITES FOR
HOUSING FOR LOW INCOME FAMILIES
by
Carol Van Alstyne, Ph.D.* and Peter Sorant**

THE LAND BANK PROJECT

ning and designing a feasible housing project, securing the financing,
and obtaining the FHA commitments for mortgage insurance and
housing assistance funds can take that long a period. The planning
horizon of the HDC-Land Banks did not extend beyond five years
largely because of (1) the pressures fo r shorter term activity
against limited program funds, and (2) the increased uncertainty
as to future urban development patterns over longer time periods.
The HDC-Land Banks hold land for future development for
assisted housing and not speculatively fo r other purposes — even
though transactions in land for private residential, commercial,
or industrial development could conceivably provide income to
support the public purposes of the land bank. This strategy was
ruled out because the HDCs were originally organized for the
specific, limited purpose of helping to provide housing for low and
moderate income families, and not to compete broadly in the real
estate markets. Similarly, since the principal objective of the
HDC-Land Banks is to increase the availability of land for low
income housing, strategies involving investments in securities other
than land were eliminated except to the extent that these alternative
holdings provide a relatively secure means of utilizing funds until
they are needed for direct land acquisition activity.
The simulator developed as part o f the land bank project is an
instrument designed to evaluate land banking activity by an agency
such as an HDC, not (1) the allocation of HDC resources between
housing production and advance land acquisition; (2) investment
portfolio analysis, comparing investment in land with other forms
of investment; (3) overall real estate market activity; or (4) urban
growth.

The primary purposes of the land bank project are:
(1) to set forth how a land bank might be organized and oper
ated to aid in the development of housing for low income families
by advance acquisition, holding, and timely disposition of sites;
and (2) to examine rigorously the costs and benefits of such a land
bank program.
The land bank project is being carried out under a cooperation
agreement between the Low Income Housing Development Corpora
tion (LIHDC) of North Carolina and the Piedmont Triad Council of
Governments (PTCOG). LIHDC is a statewide nonprofit housing
development corporation (HDC) funded by the U.S. Office of Eco
nomic Opportunity. LIHDC has worked since 1967 to organize
sponsors to develop housing first under federal rent supplement,
and subsequently under interest subsidy programs in both urban
and rural areas. LIHDC has assisted in the development of hous
ing for about 1600 families. The PTCOG is a regional planning
agency organized in 1968 to serve an eleven-county area in North
Carolina.
The land bank project was supported by a grant to LIHDC from
the Ford Foundation and by a special Housing and Urban Develop
ment comprehensive planning grant to the PTCOG, part of which
was channeled through the COG to three metropolitan HDC8 in
Winston-Salem, Greensboro, and High Point, North Carolina for
land bank staff support. The three HDCs are either currently
undertaking or planning land bank activities. Funds for actual
HDC-Land Bank operations amounting to approximately $700,000
out of total projected HDC operating funds of $1.7 million were
made available to the separate, independent HDCs from private
grants and loans and public grants of Model Cities funds to match
privately generated funds.
The output of the land bank project includes both a how-to-do
it handbook on land banking1 and a computer simulator of a land
bank designed to facilitate analysis of the feasibility and effective
ness of land banking as it might be undertaken by an agency such
as an HDC. There was substantial cross-over between the prep
aration of the descriptions of practical land bank operations for
the handbook and the conceptual development of the simulator.
Formal participation in the overall project by specialists in fields
relating to land banking, including real estate, finance, law, en
gineering, and architecture, provided realistic inputs into and
continual critical review of the construction of the simulator.

REASONS FOR LAND BANKING
The three main reasons that land banking might be considered
as a strategy by a developer of low income housing are:
To Facilitate Housing Program Implementation
Lack of available land is often cited as a major obstacle to
increasing the production of low and moderate income housing.
The criteria for current “ availability” include (1) a land price
within allowable costs fo r a feasible project, (2) water and sewer
facilities at the site, (3) paved access to the site, and (4) zoning
which permits the proposed use.
A land bank might operate to make sites available (at the time
and in the places they are needed) fo r the development of assisted
housing.

DEFINITION AND SCOPE OF LAND BANKING BY AN HDC

To Make Possible a Land Write-Down

Land banking by an HDC is simply the advance acquisition of
land for future development o f housing. The time frame of the
land banking activity of the three Piedmont Triad HDCs provides
for land acquisition two to five years in advance of anticipated
development. Land held for less than two years is considered to
be available for immediate development since the process of plan-

“ Land write-down” was defined as land disposition at a price
which is less than the current “ market price” . “ Write-down”
was not restricted to the narrower definition of land disposition at
a price which is less than the acquisition price.
It is suggested that the land bank, by buying early and forgoing
realization of part of the land appreciation reflected in the current
market prices, might be able to lower the cost of land and there
fore the cost of housing services to low income families.

♦Direetor, Land Bank Project, Low Income Housing Development
Corporation, Durham, North Carolina.
♦♦Urban Design and Simulation Program, Department of City and
Regional Planning, University of Chapel Hill, Chapel Hill, North
Carolina.

To Provide Sites in More “ Desirable” Locations
Frequently the only available sites for assisted housing are in
or near existing low income areas. Additional assisted units in
these areas would simply lead to further impaction. Yet, acquisi
tion of sites in outlying areas is often successfully blocked by op
position of prospective neighbors. It is suggested that a land bank
might acquire sites for assisted housing sufficiently in advance of
development of an area that there are no current neighbors to op

^Land Bank Handbook: Advance Acquisition of Sites for Low and
Moderate Income Housing, published by the Piedmont Triad
Council of Governments, Greensboro, North Carolina, January
1972 221 pages.
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pose the plans; and the future development of the area would take
place with public knowledge of intended development. An effective
policy of dispersal of sites might assure that opportunities to live
in many locations were available to all income groups.
These reasons for land banking are as yet, however, postulated
rather than demonstrated. The reasons proffered for land banking
can be recast as hypotheses to be tested over a series of experi
ments with the land bank simulator. Early work with the simulator
reported here relates to the areas of program implementation and
land write-down but not to site desirability.

resulting simulation defines decision-making processes rather
than strict cause and effect relationships in the operation and per
formance of the land bank.
In order to provide information for the operations performed
in each of these five blocks, a set of mathematical functions was
created to generate data duplicating the statistical distributions of
the empirical data used to characterize the region under study.
The five activity blocks, their associated operations, and the re
quired statistical distributions are summarized below:
BLOCK 1: LAND ACQUISITION

CONSTRUCTION OF THE LAND BANK SIMULATOR
The primary goal in constructing the simulator was to develop
an instrument for assessing alternative management policies for a
land bank operated by an agency such as a housing development
corporation in a range of possible operating environments. The
simulator is designed (1) to model the behavior of people who are
engaged in the selling, acquisition, financing, holding, and market
ing of land for development of low income housing, and (2) to de
scribe relevant aspects of the economic and political environments
which exert significant impacts on these land banking transactions.
The simulator is intended to facilitate identification of these im
pacts and assessment of their effects upon the financial and social
performance of an operational land bank. Probable ranges of values
representing relevant aspects of alternative future environments
can be projected from empirical information characterizing the
land bank operating area, and the feasibility and effectiveness of
land banking in different environments with different sets of land
bank management policies can be tested using the simulator.
The simulator describes a land bank as an entity associated
with but separate from a housing development corporation. The
aggregate activity of the land bank is assumed to be small (or
inframarginal) in relation to total real estate market activity in
the operating area. The effect of the land bank on the real estate
market in the region was not incorporated into the land bank simu
lator at this stage of its development.
Although future development of the land bank simulator may
extend to dynamic interaction between the land bank and the real
estate market mechanisms, these phenomena are neither fully
understood nor empirically documented at this time. Because of
the initially narrow projected scope of HDC-Land Bank activity,
it was judged that, at this stage, better information could be gen
erated through sequential simulation techniques rather than through
dynamic simulation which would embody systemic interaction of
the land bank with the environment. Of course, this leaves open a
key question in the analysis. At what point does land bank activity
cease to be small and become instead sufficiently large that its
own activity measurably affects the real estate market?
The land bank simulator evolved as a structured set of sequen
tially executed operations, based upon a set of management decision
rules, the financial status of the land bank, and the conditions of
the environment.
The simulation framework selected for modeling the land bank
was GPQS, a FORTRAN coded General Purpose Queueing Simu
lator. 2 Although the discipline of queueing simulation was not a
requirement for this particular application, GPQS offered an
easily adapted transaction-oriented programming structure.
The tasks performed by the simulated land bank were divided
into five activity blocks:
Block 1: Land Acquisition
Block 2: Land Inventory
Block 3: Financial Activities o f the Bank
Block 4: Land Sales Negotiations
Block 5: Parcel Characteristics Update
Mathematical equations defining interactions among the various
activities simulated by the model were not required. Thus the

^The GPQS used in the development of the land bank simulator
was designed by Philip Cooley, Research Triangle Institute,
Research Triangle Park, North Carolina.

The purpose of Block 1 is to simulate the introduction of land
parcels onto the market. It generates a set of twenty-four de
scriptors derived by randomly polling functions representing dis
tributions of the characteristics of the available lots in the area.
This set of descriptors contains all information pertinent to the
parcel including size, cost, off-site improvement costs, zoning,
and desirability. Block 1 also exercises a set of decision rules
that correspond to the anticipated policies of land bank manage
ment and determine the “ appropriateness” of purchasing any given
parcel. If the parcel meets the prescribed criteria of reasonable
cost, appropriate size, and acceptable zoning, the simulator will
initiate a purchase, provided working capital is available.
The type of purchase which is simulated directly parallels the
empirically derived profile of land transactions in the region. The
parcel may be either optioned or mortgaged with the period and
number of options or the term, interest rate, and equity ratio of
mortgages being functionally related to real world circumstances.
BLOCK 2: LAND INVENTORY
Block 2 stores and processes the land parcel inventory. This
inventory includes all parcels that are either owned or optioned by
the land bank together with a list of the descriptors of those parcels.
BLOCK 3: FINANCIAL ACTIVITIES OF THE LAND BANK
Block 3 is the financial activities block and processes all data
connected with the financial operations of the land bank. Its func
tions include maintaining a tax escrow for all properties, removing
current operating expenses from cash-on-hand, receiving returns
from long-term notes held by the land bank, and investing in ad
ditional long-term investments when there is a surplus of cash-onhand. In addition, this block provides yearly financial statements
on the land hank transactions among which are included a fuH earn
ings statement and a balance sheet.

BLOCK 4: LAND SALES NEGOTIATIONS
Following a procedure similar to that used in land acquisition
activities (Block 1), Block 4 “ creates” a potential land purchaser
by generating a set of parcel descriptors which include cost, parcel
size, zoning, and site location. The inventory of the land bank is
searched to determine if there are parcels that fulfill the require
ments at a price which is acceptable to the land bank. If no parcels
are found on the first search, the buyer’s acceptable cost and par
cel size intervals are expanded and a second pass is undertaken.
If one or more parcels is selected on either of these searches, the
least expensive parcel is released from the inventory and a sale
transaction is initiated.

BLOCK 5: PARCEL CHARACTERISTICS UPDATE
The final block, Block 5, updates the characteristics of the
land parcels that are held in the inventory. These updates in
clude tax reassessment, reduction in off-site improvement costs,
accrual of taxes and interest paid to date, change in the parcel’s
desirability, and modification of the market value. The updates
are accomplished by utilizing forecasts of land use changes and
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proposed infra-structure changes which affect both the desirability
and the market value of the parcels.
In addition to these tasks, Block 5 simulates the rezoning
request procedure which could be undertaken by the land bank.
The land bank may, as a function of management policy, request
zone changes on all or any portion of the parcels acquired, with
the anticipated outcome of the zoning request reflecting probabili
ties of approval or denial derived from local experience.
EMPIRICAL DATA
The initial experiments performed with the simulator used a
prototype representing a hypothetical community identified as
“ Winsboro Point” . The base geographic information was supplied
as in-kind contributions to the project by housing development
corporations and city planning agencies in three North Carolina
cities: Winston-Salem, Greensboro, and High Point. The financial
transaction profites were provided by local mortgage lending in
stitutions and the Richmond Federal Reserve Bank. Some of the
features of Winsboro Point are summarized as follows:
1.

10
10
30
30
20

1. Initial Land Bank Capital

3. Interest Rates for Mortgages
4. Land Price Inflation

Mean

Standard
Deviation

1
2
3
4
5

$10,000
700
1,000
1,200
800

$4,000
700
1,000
1,000
1,500

5. General Price Inflation

Constraining
Minimum
$6,000
500
400
400
300

Initial Zoning Assignment by District

1
2
3
4
5

$250,000 and $500, 000
(Land Bank Overhead
$40,000)

Average rates of 8.4 and
10. 4 percent
5, 10, and 15 percent
per year
5 and 10 percent per year

In order to analyze all effects of variable changes on the
system a full factorial technique was chosen for the experimental
design. On completion this will involve a total of forty eight simu
lation runs with the tested variables operating at the above levels.
Preliminary observations on performance resulted in a number of
conclusions about the inherent behavior of the simulator as well
as its behavior under various operating conditions and policies.

Zone Type
Central
District Business Single
Multi
Number District Family Family Commercial Industrial Farm

4.

Land Bank Management Policies

Environmental Factors

Raw Cost Per Acre
District
Number

Levels Tested

2. Acceptable Minimum Desirability
of Parcels to be Considered for
Purchase
0.3 and 0. 7

Percentage of Total

1
2
3
4
5

3.

Variables

Distribution of Lots by:
District Number

2.

or by analysis of information provided by people in the field of
housing development or real estate. These three steps were:
(1) to ascertain that the model was creating land parcels which
“ in the long run” were typical of the land parcels in the region;
(2) to determine that the proper information was being used to
make pricing and purchasing decisions; and (3) to determine
whether, in fact, the proper decisions were being made. Several
revisions were made during this process until the model reached
a working state where, in the best judgment of those involved,
these three concerns had been properly resolved.
The purpose of the first set of simulations was to conduct
sensitivity analyses for five selected variables to determine the
effect of changes in the levels of these variables upon the perfor
mance of the land bank.
The initial test variables and the operating levels for each
were as follows:

SIMULATOR OUTPUT

100
50
30
10
30

30
10
30
10

10
10
5
10

5
10
50
10

5
40
5
40

Several forms of output were selected to display the results
of the simulation runs and the variables to be studied for perfor
mance . The financial transactions were summarized in standard
accounting forms including a yearly income statement, a yearly
balance sheet, and a yearly cash flow statement. These provided
insights into the financial soundness of the bank as well as an
accurate record of where money was being spent and at what levels.
Transaction records were designed to show all purchases,
sales, and parcel releases from inventory. These displayed the
lot descriptors as well as cost figures providing a record of the
decisions being made under the operating guidelines with respect
to the land acquisition and disposal policies.

Desirability
Desirability = D
0 <; D <jl
Districts 1 through 5
30 percent
20 percent
30 percent
20 percent

between
0 and . 50
between . 50 and . 75
between . 75 and . 90
between . 90 and 1

PERFORMANCE MEASURES

Note: “ Desirability” is a quantitative index representing
opinion regarding comparative amenities of parcels. The most
desirable parcels have an index value of 1.0, the least desirable
parcels have an index value of 0.

Evaluation of the performance of the simulated land bank re
quires explicit consideration of the expected longevity of the land
bank. Is the land bank to operate for a specific, limited term
during which it could consume its initial capital grant, and then
go out of business? Or, is the land bank to operate for an unde
fined but extended period during which the operating capital must
be conserved or replenished with outside subsidies?
Unless any proposed land banking efforts are launched on a
viable basis with sufficient income available either from operating
income or a combination of operating income plus outside subsidy,
any proposed land bank is not likely to meet production goals, much
less social goals.

INITIAL SIMULATION STUDIES
The first attempts to model a land bank did not replicate a
complete operation already functioning in a real environment and,
for this reason, no validation of the simulator by direct compari
son with operational land banks could be made. The validation
task was divided into three distinct steps, in which segments of
the model were tested separately either through statistical means
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A land bank might be considered to serve broad public pur
indicated, however, that the decisions confronting the HDC-Land
poses so that it would warrant support with outside subsidies and
Bank in a medium-sized city were not primarily concerned with
not be constrained to operate on a self-sustaining basis. It appears
distribution of the gains from the operation, but rather, with how
to survive.
that land bank efforts currently being proposed, however, generally
The land was priced at an apparent profit in early experimental
are expected by their original funding sources to operate on a selfruns of the simulator. The increment over acquisition cost plus
sustaining basis without subsequent outside subsidy. Consequently,
the first set of experimental runs with the simulator were designed
direct holding costs (taxes, interest, insurance, etc.) was not
to explore the requirements for self-sustaining land bank operations. sufficient, however, to cover the period costs attributable to
managing the land bank. Consequently, pricing policies had to be
Both social and financial measures of land bank performance
revised upward in order to take operating expenses into proper
were formulated to analyze the behavior of the simulator under
account when pricing the land on disposition. With the scale of
various environmental conditions and selected operating rules.
land bank activity and the rates of land price inflation examined,
The number of sites that could be made available for low income
it appears that concerns relating to sustaining activity over time
housing development was chosen as the primary objective function.
with income from operations plus realized land appreciation need
This function operated under management policy constraints, such
to be resolved before hope of land write-down can be realized
as the restriction mentioned above that the land bank should be
without outside subsidy.
self-sustaining and not require continuous outside subsidy.
POLITICAL CONSIDERATIONS

TENTATIVE CONCLUSIONS BASED ON THE RESULTS OF
INITIAL EXPERIMENTS WITH THE LAND BANK SIMULATOR
Land Bank Operations to Facilitate Housing Program Implemen
tation
Scale: An appropriate scale of operations is crucial to the
viability of land banking. The amount of initial capital available
to the land bank for land acquisition and the amount of turnover is
important in determining the scale of land bank activity. The
scale must be such that the income from transactions (including
realized appreciation in land value) is sufficient to cover operating
overhead, including administrative costs, legal and engineering
fees, and costs associated with unexercised options.
Only in relatively large metropolitan areas is there sufficient
low income housing activity to sustain independent land bank oper
ations without outside subsidy. A land bank operating in a mediumsize city exclusively to provide sites for low income housing prob
ably can not sustain itself on income from those operations.
Covering even a minimum overhead is likely to require more land
sales activity than the area can support. Consequently, the land
banking must be either (1) combined with other activities, such
as housing development, or (2) expanded in scope. Land banking
could be expanded (a) geographically, say to a region rather than
a city, (b) economically, say, to provide sites for housing for
families with a broader range of incomes, or (c) by purpose —
banking land, say, for school sites, parks and recreational areas,
open space or other public purposes.
Cash Flow: Typically, land is purchased with a small pro
portion of equity investment and a large proportion financed by
borrowing. This is called “ leveraging, ” and enables a large
investment to be controlled with a small equity. The principal
and interest payments required to service the indebtedness may
produce subsequent financial strain, however.
Early runs of the simulator illustrated easy routes to bank
ruptcy — the land became overcommitted and was forced to
liquidate assets to meet debt service requirements. This led to
the development of decision rules for pacing land acquisitions
so that future cash flow requirements could be met.

Work with the simulator underscored the apparent great
significance of political considerations in the successful operation
of a land bank. Political concerns are reflected in the simulator,
for instance, in the probability of success of rezoning applications
and in different local government policies with respect to providing
off-site improvements or other elements of the urban infrastructure
which affect the locational value of banked parcels.

Land Write-down
It was anticipated that land-write-down policies would be
developed as part of a strategy by the land bank to reduce the
cost of sites for low income housing. The early experiments
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CURRENT STATUS OF THE LAND BANK COMPUTER SIMULA
TOR PROJECT
The land bank simulator is operational and has been used for
an initial set of experiments. The simulator appears to replicate
reasonably well the behavioral and environmental aspects of the
complex of land bank activities. The simulator evolved through
a series of stages in attempts to make it conceptually as complete
as possible — that is, to incorporate all the important decisions
and to describe all the relevant conditions found in real world
relating to acquiring, financing, holding, taxing, rezoning, and
marketing land. The data prepared for the prototype simulator
varies, however, in comprehensiveness. Work needs to do done
to relate the simulator to an actual area by developing a compre
hensive base data to characterize the area. Also, additional
experiments need to be performed to refine the tentative decision
rules and to assess more rigorously the performance of the simu
lated land bank.
The results of the early work with the land bank simulator
have served to underscore the importance of the appropriate
scaling of land bank operations, careful pricing policies, attention
to cash flow requirements, and the conditions for self-sustaining
operations. These results could be important program develop
ment considerations to those agencies seeking to organize and
those agencies requested to fund land bank activities.
The land bank activities examined here are connected to the
current producer-oriented mechanisms for providing housing
subsidies to low income families. A shift to consumer-oriented
subsidy mechanisms for distributing housing assistance, or gen
eral income maintenance programs, would change the possible
role of land banking in improving housing conditions for low in
come people.

SOME INNOVATE HOUSING UNITS
by
Sidney Shore* and Jack R. Vinson**

INTRODUCTION

The field erection consists of stapling the 16” channel mem
bers of the roof and walls then joining the channel members of the
end walls to the roof and wall with blind staples. The bottom of
the wall members are subsequently connected to a conventional
wooden floor platform or reinforced concrete slab. The fiberglas
mats are applied to the exterior surfaces and the polyester resin
applied. Next the door and window openings are framed, and the
door and windows installed. Interior partitions and doors, which
are non-loadbearing, can be conventionally fabricated. The
interior side of the exterior walls and the roof can be covered
with conventional prefinished or unfinished board; the resulting
roof and wall cavities can be insulated with conventional batt
insulation and an appropriate vapor barrier. A completed house
is shown in Figure 3.

The need for innovations in housing throughout the world in
creases exponentially with time. The use of known, but relatively
untried material systems, geometries of articulation, and methods
of fabrication for an innovative housing unit called Unikraft1
Model 400 are described in this paper. Section 1 describes the
method of factory and in situ fabrication of the Unit. Section 2
includes the material properties and strength properties of the
materials system utilized; Section 3 includes a brief summary of
the structural integrity of the 400 Unit by analytical and experi
mental methods.
The versatility of the material and structural form of the
Unikraft Model 400 makes it ideally suited for a wide spectrum of
applications including temporary and/or emergency shelter, semi
permanent housing (5 to 10 year life) and permanent housing
(greater than 10 years). See Figure 1. Hence depending on the
options desired, the range of costs for the Unit varies from $4.00
to $12.00 per square foot.

MATERIALS AND THEIR PHYSICAL PROPERTIES
The composite material used in Unikraft construction is com 
posed of three components: the paper sandwich, the fiberglass mat
and the polyester. The paper sandwich is double walled corrugated
fiberboard sheet of which the outer facings are 70 lbs/1000 ft^
basic weight Kraft liner board having a maximum moisture vapor
transmission rate of 12 grams/24 hours per square meter. The
intermediate facing is a 62 lb. basic weight wet strength Kraft
liner board. The fluting is of B/C configuration made from a
special 33 lb. basic weight corrugated medium. All components
are combined with a water resistant adhesive. The glass mat is
of 3/4 o z . chopped strand fiberglass E grade mat with a silane
binder. The polyester resin is characterized as follows: Type rigid, promoted; Viscosity - low, slightly thixotropic; Reactivity low to medium; Monomer - styrene.
In the following, *'longitudinal” refers to the configuration in
which the load applied is in the direction parallel to the flutes,
while “ transverse" refers to the configuration in which the load
is applied in a direction normal to the flute direction. The r e 
peated channel sections of the homes studied utilize the configura
tion shown below. (Figure 4)
All tests were conducted on an Instron Machine, Standard
Model TTCML (metric). The temperature and humidity in the
office in which the specimens were retained is generally around
70* F and 50% R.H. during the winter, and all specimens were
retained sufficiently long to establish equilibrium with these con
ditions prior to testing.
In all Tables the barred quantities are the mean values of
(usually) ten specimens, and the a values are the standard devia
tions. Numbers in parentheses are the percentage of the mean
value the standard deviation is. P refers to paper sandwich, while
G refers to the glass mat: thus, GPG refers to a construction in
which one layer of glass mat is bonded on each side of the paper
sandwich.
The tensile tests were carried out largely in accord with TAPPI
Standard T404 ts-66, using specimens 250 mm in length, with a
gage length of 180 mm and widths varying between 24 and 26 mm.
The desired quantities for subsequent structural analyses are: Nu ,
the ultimate tensile load per unit width, lb /in .; Ny, the tensile load
per unit width corresponding to the yield load on the specimen,
lb /in .; K, the extensional stiffness per unit width, lb /in .; and %
Elong., the deflection corresponding to the ultimate load divided by
the gage length (180 mm) x 100. The results are given in Tables 1
and 2.
The compression tests were carried out in accordance with the
standards expressed in Forest Products Laboratory Report FPL0109, entitled “ Comparison of Two Specimen Shapes for Short
Column Test of Corrugated Fiberboard, ” by J. W. Konig, Jr. The
specimens were all rectangular with dimensions of 1.25” in height
and 2.00” in width. The results are given in Table 3.

Fig. 1

FABRICATION OF UNIKRAFT STRUCTURAL SYSTEM
The Unikraft system of construction consists of 10 foot long
wall and roof channel members that form a one stoiy trapezoidal
prism. The basic building module is 8’ 8 -5 /8 ” in height, 21’ 4 ”
in length, and 20” 0 ” in width at the base. The basic module can
be extended in length in 16” increments or can be offset laterally;
“ T ” and “ L ” shaped buildings can be achieved by combining basic
modules. Wall and roof panels are nominally 5 /16” thick, double
wall corrugated virgin kraftboard. The kraftboard is die-cut to
form a 16” channel shaped section that constitutes the basic
Unikraft wall and roof structural unit. Fiberglass mats of varying
thickness are applied to the kraftboard to produce a composite
material of desired strength characteristics.
The factory supplied material is pre-cut and pre-scribed
kraftboard channel members, pre-cut door and window wooden
framing members, fiberglass mats, polyester resin, wooden
clamping blocks, wooden gusset plates, standard door and windows
and galvanized staples. An exploded isometric, Figure 2, shows
the components for the basic 400 Unit.
* Professor and Chairman, Graduate Division of Civil and Urban
Engineering, Towne School, University of Pennsylvania,
Philadelphia, Pa.
** Professor and Chairman, Department of Mechanical and
Aerospace Engineering, University of Delaware, Newark,
Delaware
1 Registered trademark
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TABLE 1: TENSILE MECHANICAL PROPERTIES - TRANSVERSE
DIRECTION
Property

GGP

GPG

626.9

825. 5

926.2

a Nu (lb/in)

31.1
(7.88%)

49.7
(7.93%)

96.2
(11.62%)

81. 44
(8.78%)

Ny (lb/in)

157.7

260.6

632.3

^Ny

50.9
(32.3%)

57.0
(21.9%)

95.3
(15.05%)

877.5
54.03
(6.16%)

(lb/in)

K (lb/in)

282

PG

396.6

Nu (lb/in)

Fig. 4

Paper
Only

36,544

74,480

75,709
1339.7
(1.768%)

91,509
3014.1
(3.43%)

CTK (lb/in)

7300
(20%)

6530
(8. 8%)

% Elong.

3. 86

3.06

1.711

1.298%

ao%
>

0.379
(9.81%)

0.5697
(18.6%)

0.1369
(7.99%)

0.2702
(20.8%)

TABLE 2:
Property

TENSILE MECHANICAL PROPERTIES - LONGITUDINAL TABLE 4: FLEXURAL AND SHEAR PROPERTIES OF THE
DIRECTION
VARIOUS CONSTRUCTIONS
Paper
PG
GGP
GPG
Transverse Direction
Only

Nu (lb/in)

227.6

446

691. 5

677. 0

ffNu (lb/in)

10.4
(4.58%)

24.5
(5. 5%)

48.86
(7.07%)

41. 5
(6.13%)

Ny (lb/in)

127.37

204.1

526.8

—

CTNy (lb/in)

13.22
(10. 38%)

103.2
(50.5%)

52. 25
(9.93%)

K

17,432

50,033

48,373

(lb/in)

% Elong.

8520
(17.0%)

4.71

2. 598

0.62
(13.15%)

0.947
(36. 4%)

°D

(lb-in^/in)

199

(19%)

867

204.6

1720

476

(27.7%)

677. 5

185.0

GPG

1863

700. 8(37.6%)

906

241.2

Longitudinal Direction
D

3090.3
(4.35%)
1.1539

0.3344
(15. 82%)

(lb-in^/in)

ctD

G

(lb-in'Vin)

(psi)

Item

Paper

N
u

61.70

aN
u
PG

N
u

811.6

141

(17.4%)

11664

GGP

1084

208

(19.2%)

2190

604. 5

GPG

1858.6

180.7(9.73%)

3188

832.8

0.0874
(7.56%)

Kw
Extensional stiffness per
unit length of the leg, K^.

Longitudinal
116.25

16”

11.69 (10.05%)

Nu
aN
u
N
u
aN
u

35. 35 (18. 35%)
416.9
49.97 (11.95%)
254. 2
36. 8 (14. 45%)

101.52 (29.9%)
445.2
101. 92 (22. 9%)
408.6
75.0 (18.3%)

Of the various standards set by TAPPI, ASTM and others for
flexural tests, only one provides the actual flexural stiffness
properties of the Unikraft type construction. The standard to use
is ASTM C 393-62, “ Standard Method of Flexure Test of Flat Sand
wich Constructions. ” In ASTM C 393-62 one performs a central
load flexure test and a flexure text with equal loads applied at the
quarter span points on the same test specimen. Care, of course,
must be taken not to permanently deform the specimen during the
first of the two tests. The technique used herein is to run the four
point flexural test first, followed by the three point load test, on
the 8” long test pieces. The flexural stiffness per inch of width D
(lb-in . ^ / i n . ) and core shear modulus G(psi) are calculated for each
specimen, using the equations from ASTM C 393-62. Using the
values of the core shear modulus, a value of the core shear stiff
nesses Dqx and Dqy are obtained by multiplying the shear modulus
G by the core depth, which is the distance between the two outer
face sheets. The results are shown in Table 4.
The repeating pattern of channel sections used in the present
construction is shown below: (Figure 5)
Defining x as the dimension between the center line of the web
section and the neutral axis, it is seen that the neutral axis is
located at the following:
49 KL
X = 2(7Kl + 8KW)

----------------- *»|

Fig. 5

EA = 14Kl + 16KW

340.3

(1)

The extensional stiffness, EA, and the flexural stiffness, El,
are found to be
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2753

Extensional stiffness of the
per unit width of the web,

----

u

GPG

7.74 (12.55%)
192.77

ctn

GGP

Transverse

Dqy 2

(lb-in /in)

GP

TABLE 3: ULTIMATE COMPRESSIVE LOADS FOR THE VARIOUS
UNIKRAFT CONSTRUCTIONS
(pounds per inch of width)
Type

D
qx2
(lb-in /in)

1048

71,010

2.115

(psi)

GGP

—

1999
(4.14%)

G

(lb-in^/in)

GP

Type

1205
(6.91%)

ffK (lb/in)

D
Type

2

O

2

(2)
Q

o

W

EI = KL - ( 7 - x ) 3 + - x 3 + 1 6 x 2 —
L

(3)

Note that in equations (1), (2), and (3), transverse extensional
stiffness of all constructions must be used, which is obtained from
data in Table 1. The properties of channels of various constructions
are given in Table 5.
For the roof under a snow load the web of the channel is put into
compressive inplane loading. The web may buckle, and it is there
fore necessary to determine the buckling load for a plate 16” wide,
clamped along the unloaded edges, very long in the direction of the
load, account for orthotropy, with significant transverse shear
deformation effects.
The best methods of analysis are in U.S. Forest Service
Research Note FPL-070, “ Buckling Coefficients For Simply Sup
ported and Clamped Flat, Rectangular Sandwich Panels Under Edge
wise Compression, ” by E. W. Kuenzi, C. B. Norris., and P.M.
Jenkinson.
The calculations for the various constructions are summarized
below in Table 6.
It is seen that buckling can occur only in the GGP construction.
In both the PG and GPG construction buckling will not occur, only
over stressing will cause failure. (Compare Table 3 with Table 6).
STRUCTURAL INTEGRITY
The structural integrity of the Unit was verified both analyti
cally and by load tests.
A structural analysis was performed for a variety of loading
conditions utilizing linear theory since the stress-strain relation
ship of the composite material described in Section 2 was essentially
linear in the range of loading anticipated. Actual tests of assemblies
and an entire Unit further confirmed the almost linear structural
response assumed in the analysis in the range of realistic roof and
wind loadings. To encompass the widest spectrum of structural
behavior, the analysis considered the bottom of the walls under
fully fixed and fully hinged conditions. The loadings and loading
combinations were based on those recommended in a 1970 draft copy
of the American National Standard Building Code Requirements,
AHS A58 - Minimum Design Loads in Buildings. In particular the

TABLE 5: CHANNEL PROPERTIES FOR PAPER SANDWICH
LEGS AND GPG WEB
X (in.)

EA (lbs.)

El (lb-in2)

Mean

0.908

1.975 x 106

6.76 x106

Mean - la

0.785

1. 825 x 106

5. 56 x 106

Mean - 2a

0.641

1.672 x 106

4.32 x106

Mean - 3a

0.471

1.525 x 106

3 .0 1 x106

combinations examined were: -1 - Dead load and snow; -2 - Dead
load and wind; -3 - Dead load and seismic; -4 - Dead load and 2/3
snow and wind.
The allowable stresses used in the calculations were based on
the following formula:
Na =

EA (lbs.)

El (lb-in2)
11.7 x106

Mean

1. 455

2.503 x 106

Mean - la

1.405

2.366 x 106

10.84 x 106

Mean - 2a

1.350

2.225 x 106

9.99 x1 0 6

Mean - 3a

1.285

2.089 x 106

9.09 x1 0 6

CHANNEL PROPERTIES FOR PAPER SANDWICH
LEGS AND PG WEB
X (in.)

EA (lb s.)

El (Lb-in2)

Mean

1.061

1.688 x 106

6.5 x 106

Mean - la

0.957

1.498 x 106

5.32 x1 0 6

Mean - 2a

0. 835

1.289 x 106

4.12 x 106

Mean - 3a

0.663

1.083 x 106

2.87 x1 0 6

CHANNEL PROPERTIES FOR PAPER SANDWICH
LEGS AND GGP WEB
X (in.)

EA (lb s.)

El (lb-in2)

Mean

1.040

1.722 x 106

6.5 x 106

Mean - la

0. 897

1.600 x 106

5 .4 1 x 106

Mean - 2a

0.727

1.477 x 106

4. 24 x 106

Mean - 3a

0.531

1.351 x 106

2.97 x 106

TABLE 6: DETERMINATION OF BUCKLING LOAD PER UNIT
WIDTH, N FOR VARIOUS WEB CONSTRUCTIONS
cr
D

X

Type lb-in2/in

D

t

y

lb-in2/in

D

a

lb/in

V

K

On the basis of the material contained in this paper and other
information, the United States Federal Housing Administration has
approved (1) the Unikraft structural system so that any modules
built become eligible for mortgage insurance. Further, the Com
mittee on Compliance of the Southern Building Code Congress has
approved (2) Unikraft structures.

lb/in

PG

1048

811.6

1. 29

GGP

1720

1084.4

1.585

604. 5

0.11

4.6

GPG

1862.9

1858.6

1.003

832.8

0.0862

5.75 413.0

Na = allowable load per unit width of composite
TTU = ultimate load per unit width of composite as deter
mined by strength tests (see Section 2)
a = standard deviation of tests to determine the strength
of the composite (see Section 2)
F = factor of safety.
Thus, using a mean value less 1.645 standard deviations ensured
that 95% of all test results will have a value of that magnitude or
greater. A factor of safety of 2 was chosen. In a similar manner
all the average flexural, shear and channel properties of the various
constructions given in Tables 4 and 5 were reduced by 1.645 standard
deviations.
The results of the structural analysis indicated that the 400 Unit
could sustain the loading combinations listed above without exceeding
the allowable stresses based on equation (4).
To further verify the structural integrity of the structure two
full scale loading tests were conducted. The first test was to deter
mine the strength and stiffness of the wall and/or roof construction
without any interior finish, that is, the bare structural frame.
These tests were conducted in accordance with the Technical Circular
No. 12 (dated October 5, 1949), “ A Standard for Testing Sheathing
Materials for Resistance to Racking” of the United States Department
of Housing and Urban Development, Federal Housing Administration.
The test specimens were 8’ 0” x 8’ 0” panels, positioned vertically,
supported along the bottom edge, and loaded by a horizontal force
applied to the top edge. Both dry and wet series of tests were con
ducted, and the panels satisfied the criteria specified in the Techni
cal Circular.
The second test was an ultimate roof loading test of the Unikraft
structural system without any interior panels or finish. A simu
lated snow load was achieved by building a wooden frame lined with
a plastic sheet on the roof and filling this container with water by
hoses. The 400 Unit supported a design roof loading of 30 p .s .f. ,
but without any distress and a maximum roof deflection to span ratio
of 1/200. The structure exhibited a small amount of creep at 30
p .s .f. , but also the ability to recover when the load was removed.
The maximum average ultimate roof loading sustained was 77,3 p .s.
f . , but locally the maximum loading at failure was 79.2 p .s .f.
CONCLUSION

N
cr

qy

(4)

where

CHANNEL PROPERTIES FOR PG LEGS AND GPG WEB
X (in.)

- 1.645a
F

2752.9 0.01467 6.48 261. 5
305.0
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individual loadings were: -1 - Dead load = 0.75 p .s .f .; -2 - Roof
(or snow) load = 30 p .s . f .; -3 - Wind loading due to a basic wind
speed of 100 mph (including gust effects) with a mean recurrence
interval of 50 years for locations such as suburban areas, towns,
city outskirts, wooded areas and rolling terrain; -4- Seismic
loading consisting of a static horizontal force applied at the roof
level and equal to 10% of the dead load of the structure. The load
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A PROPOSED PERFORMANCE STANDARD FOR LOWER-COST HOUSING
IN THE UNITED STATES DERIVED FROM LIFE CYCLE ANALYSIS OF
PRESENT HOUSING PRACTICE
by
James H. Davis*

INTRODUCTION
For the past decade there has been an intense effort to formu
late and implement housing practices and policies that would solve
our housing problems. In fact, one might describe the period of
the sixties as a frantic scramble to come up with one idea or com
bination of ideas that would prove to be the cure. Major studies,
sweeping legislation, dramatic goals came and went almost faster
than they could be tried, until now we are left with a complex and
chaotic housing policy that still cannot provide the quality and vari
ety in shelter that we need.
The problem is of our own making of course; we in housing
have misled ourselves. We have too often looked upon sub-standard
housing as if that were the norm. In fact, the housing stock of the
United States is of a very high standard. Often too, we have bleak
ly appraised industry’s slipping capacity to produce—all through
those mortgage lean years—offering our most inventive proposals
to rationalize and increase production; but in 1971, with money
available, conventional builders, seemingly at a moment’s notice,
produced 2,048,200 units, (1) the best year on record.
Still, we know that many, amidst this tremendous affluence,
are inadequately housed. But this stems from problems more
subtle and difficult than replacing slums or frantically boosting
production. It is perhaps more correctly described as the result
of inadequate economic institutions and fragile social relations;
that is, fundamental social and economic issues. Solutions effected
in these issues can improve our housing, but it is difficult for im
provements in our housing to effect solutions in these more basic
issues. Still, it is vital that the housing industry wrestle with its
side of the problem.
The thrust of this study is that the housing sector is integral
to the alleviation of these fundamental problems, but that it must
itself be healthy. The study will develop the case that lower cost
housing is neither encouraged nor possible within the context of
current housing practice, though there is a definite need. It indi
cates that much of this has developed from the erroneous belief
that higher priced housing would filter down to lower income users
through the natural function of the market but that, in fact, this
has largely failed and must fail as long as the housing market and
housing practices are structured as they a re. The study will indi
cate that lower cost housing is possible through a redefinition of
housing cost based on the life cycle costs of a unit rather than the
present first cost practice.
CURRENT NATIONAL HOUSING PRACTICE AND ITS COSTS
The role of the public sector in current housing practice is
two-fold: (1) facilitating the efficient operation of the private
sector, and (2) subsidizing certain elements within the housing
sector to correct for social inadequacies of the market. In prac
tice this has led to the many state, local and federal programs and
policies requirements and standards of which our housing stock is
almost a direct reflection.
Although the present structure of housing practice is controlled
and supported by government policy, it is not widely viewed as
such. These policies: codes, zoning, monetary policy, minimum
property standards, production subsidies, e tc., are often consid
ered individually as something apart from one another and other
aspects of housing as well. It is important not only to recognize
a particular policy, however, but the interdependence of all policies
and their total impact on the housing sector. Not only does this
attitude illuminate the complexities of the actual situation, but the
^Specialist, Building Systems and Research, McCue Boone
Tomsick, San Francisco, Calif.
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inherent difficulties in effecting any major change as well. Some
elements of this control, such as FHA minimum standards, are
obvious; other factors, such as the influence of FHA and VA pol
icies on inflation of land prices are less so, but stiU evident. A
court decision supporting school desegregation through busing is
generally not considered at all, though its implications to housing
are potentially great.
There is some purpose for the existence of each of these pol
icies and each imposes restraints on the housing sector, which in
turn establishes in some part what housing wifi cost. There are
so many of these restrictions, all with some purpose, that they
have imposed a de facto price below which it is impossible to build
housing. In theory, we could remove some of the restrictions, but
which ones. All, to some degree, represent vested interests;
most exist for sound reasons and most contribute to our high gen
eral standard of housing. Codes are a very good example. From
the mid-sixties on, pressure mounted for building code reform .
Many felt it was the restrictive nature of outmoded codes that kept
us from producing true low cost housing. Code reform was under
taken, still continues and is an important step in the modernization
of the housing industry. But, sober reflection tells us that the
effect on first cost will be slight, for codes deal mainly with the
physical structure, which in turn is probably only a third of the
cost of the house. And, since it has not been the history of building
codes to lower any given standard, it must be assumed that standards,
hence costs, will gradually increase—even with code reform .
For the consumer, housing has a qualitative and quantitative
context. The qualitative aspects were made quite clear in the
report of the President’s Committee on Urban Housing (the Kaiser
Committee). Subsequent studies and Congressional action have
confirmed their work, and though we need not linger on the wellknown, it is valuable to reflect upon some of what that committee
found. In order to provide enough standard housing for the entire
population by 1978, the nation wiU need to build 13.4 million dwel
ling units for the new young families formed in the decade ahead,
and replace or rehabilitate 8.7 million units that are expected to
deteriorate into substandard condition, and replace 3 million units
that will be accidentally or intentionaUy destroyed, and build 1.6
million units to create the proper proportion of vacancies for an
increasingly mobile population. The total: a staggering 26.7
million units.
The problem is compounded, however, by the qualitative nature
of housing, especially for the 7.8 million house-poor fam ilies.
Unlike those in the normal housing market, they haven’t the dollars
to pay for their needs and preferences, which are both unique and
varied. They must have that possibility for their own satisfaction
and for the creation of an adequate and flexible housing stock.
Housing, along with food, clothing, transportation, and med
ical care, is a basic human requirement. It also has complex
personal, social, economic, and political implications, not the
least of which are connotations of property and symbolic standing
within the community. At its most basic level, housing must be
evaluated as to how adequately it shelters its inhabitants from
threats in their environments—from situations that are physically
or emotionally damaging. The house must serve as a refuge within
which the individual can refuel the energies and sense of security
that he needs to function in the outside world.
House-poor families generally range from the lower class
through traditional working class to lower middle cla ss; people
with different motivations and needs. In such a mix, expectations,
housing, and environment wiU vary widely. The lower middle
class, for example, is characterized by an increasing prosperity
that has given them an expanding outlook toward housing. There
is a great desire to own one’s home rather than enrich a landlord.
Along with the house and yard goes an elaboration of the house

interior in a manner that creates a pleasant and cozy image closely
approximating the standard of All-American affluence.
At the other extreme, for the lower class the primary criterion
for housing is that it provide shelter from physical and psychological
threats, both inside and outside the home. Lee Rainwater notes
that a “ home to which one could retreat from such an insecure
world would be of great value, but for lower class people such a
home is not easy to come by. In part, this is due to the fact that
one’s own family members themselves often make trouble or bring
it in the home, but even more important, it is because it seems
very difficult to create a home and an immediate environment that
actually does shut out danger. ” (2)
Woven through this spectrum of housing expectations are dif
ferent views of family size, child rearing practices, privacy, and
intangibles such as “ soul” and “ taste. ” Certainly housing is an
integral part of a family’s social and psychological well-being. It
is more than just something to keep out the elements. In contrast,
federal housing programs for those of low and moderate income
have generally assumed a middle class view which is applied so
that the results are only a shadow of anything that the middle class
would even look at.
It is apparent then that the societal context and implications of
housing are such that mere shelter is not acceptable. It is equally
apparent that current housing practice makes anything more than
mere shelter, no matter what the technology, impossible to pro
vide at a low first cost. However, this same society whose insti
tutions have made housing for the low income family impossible,
has also committed itself to compensating for those inadequacies
that is has created in the housing market. It would, therefore,
seem important to examine the housing costs in the larger context
of this society.
Where do the costs of housing accumulate over its life: what
are the actual costs, how are they paid and by whom. Figure 1
represents the average estimated cost for a $24,000.00 FHA fi
nanced home. It is limited to the costs directly attributable to the
unit itself with only peripheral indication of larger costs.

Finance and closing
Construction including profit & overhead
Land
Collected first cost
Monthly cost = $248.00 x 12 months =
$2976.00 x 45 ye a rs =
Furnishing and remodeling (45 years)
Total interest
Demolition
Total
Value of redeveloped property

$

2,592.00
18.368.00
4.270.00
25.230.00

Because filtering of housing is not proportional to the rate of
deterioration, there seems to be little hope of raising the rate of
depreciation above the rate of quality decline. Partial responsi
bility for this must be attributed to governmental and land planning
policies that have attempted to strengthen, not depreciate, values.
(3) However, even in an affluent society, the high initial cost of
housing and its role as a necessity naturally work against rapid
decline in values. Unfortunately, relative decline, when trans
lated into a price reduction, diminishes in the later stages of a
structure’s life. This occurs because, at each lower value level,
more families can afford to buy. Grigsby notes that, “ Assuming
the dwelling unit is not converted or demolished before the end of
its potential economic life, the entire depreciation curve is then
an inverted S, or the mirror image of a growth curve. ” (4) It
also appears that the families most satisfied with their accommo
dations, and thus most reluctant to move, tend to be those of higher
incomes on whom the market depends for creating most of the sur
plus supply that will filter down to families of lower earning power.
Considering the foregoing in light of the pyramidal shape of housing
values in which production near the top will be retarded by only a
small absolute excess of units, it is apparent that the farther down
the scale that new construction can be injected, the larger the
excess absolutely needed to check further building, and the greater
the ultimate effect at the bottom of the market.
That brings us back to producing a low cost house; something
apparently beyond our reach. We are faced with a socially in
equable situation. Society in some form must step in. In this
country the federal government, working directly or through del
egated agents, has assumed the major portion of this burden.
Unfortunately, it is not possible to say that this burden has been
assumed easily or in any systematic manner. But, there are
presently five major active federal subsidy programs aimed at
relieving these market inequities: Section 235 homeownership
housing, Section 236 rental housing, Rent supplements, Low rent
public housing, Rural homeownership housing. These programs
have been vigorously implemented over the past few years in par
ticular (see fig. 2).
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steep rises in 1970-72 fig u res reflect the
increasing im pact of the new federal subsidy
p rogram s for hom eow nership and rental
assistance (Sections 235 and 236 of the
National Housing A ct). The figures fo r the
ye a rs 1970-72 have been revised sharply
upward since the first o f this year.
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It has been clear for some time that it is impossible to produce
an acceptable low cost house. Yet there has been a wide spread,
albeit diminishing belief, that the house-poor were served, if only
inefficiently, by the downward flow, or filtering of used housing
units.
Filtering is generally considered to be the result of shifts in
supply and demand, of excess vacancies, and the process by which
some sections of the housing stock become vacated, occupied by
lower income groups, abandoned, demonlished, or converted to
another use. We can compare filtering in the housing market to
the more obvious example of filtering in the case of automobiles.
A car is sold new and, despite the general inflation, it can gen
erally be purchased a decade later for a mere fraction of its orig
inal price, even if it is in the very best of condition. Many cars
will have, in that period, declined all the way to junk value and
passed out of the stock completely. A car will drop in value both
absolutely and relative to the auto stock as a whole and, in the
process, it becomes available to lower income groups. A house,
however, may not filter relative to the housing inventory in the
same direction as it filters relative to general prices. Housing
can filter up or down. Further, since the rate of deterioration of
a house is highly controllable and is much more a function of under
lying demand factors rather than of time or weather, filtering must
be associated with technological, site, and locational obsolescence
as well. Deterioration may simply be the manifestation of the later
factors.
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Subsidized production of low and moderate income housing
has increased to the point that it represented approximately onefourth of national production in 1971 (see fig. 3). HUD estimates
assisted starts increasing to 500, 800 in the current period and
564,000 in FY 197 3. (5)
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Good; this is what many of us have been wanting for some
time: a serious assault on the shortage of standard housing for
those households unable to afford what the market offers.
Unfortunately, our long sought assault has created a situation
that we had not envisioned. This situation gained general attention
from the special investigation of “ abuses in federal low-andmoderate income housing programs” , conducted by the House
Committee on Banking and Currency. Reading the case studies of
this report is a discouraging saga of “ faulty plumbing, leaky base
ments and roofs, cracked plaster, faulty or inadequate wiring,
rotten wood in floors, staircases, ceilings, porches, lack of in
sulation and faulty heating units. ” This is corroborated by recent
GAO findings that 25 percent of all newly built homes under the
235 homeownership program had serious structural defects that
should have been corrected before sale. The most serious abuses,
however, seem to be associated with existing and rehabilitated
houses. There, for example, the GAO found serious defects in 44
percent of existing homes bought under subsidy programs.
The cost and waste of such abuses outrage us because they are
highly visible. But less visible costs may be even greater. 235
and 236 are financed by budget gimmickry with mortgage interest
subsidies stretched over 30 and 40 years. This stretch-out made
initial expenditures very small, and attractive when they were
initiated. But what started as a token program in 1968 turns out
to have enormous consequences in 1972. We are now visibly
alarmed over runaway housing subsidy costs. In its goals report,
the Administration said that “ for the three fiscal years 1970 to
1972 (we) have already obligated the federal government to subsidy
payments of perhaps $30 billion over the next 30 to 40 years. . . By
1978 present estimates suggest that the federal government will be
paying out at least $7.5 billion in subsidies.. .Over the life of the
mortgages this could amount to the staggering total of more than
$200 billion. .. ” (6)
This disastrous situation has further complications. Many
are now claiming that F .H .A . is underwriting the collapse of large
residential areas of our central cities. “ The agency’s programs
designed to allow poor people to own their homes have been largely
misused by corrupt real estate speculators who are buying and
selling unsound houses in decaying urban neighborhoods to people
who cannot afford to refurbish, or even maintain them. ” (7) The
result: abandonment of single-family dwellings and the attraction
of drugs, crime and other social ills to what used to be stable ur
ban communities on a scale that is decimating entire neighborhoods.
The gravity of this problem is illustrated by the belief of many
housing experts that the Federal Government is the largest owner
of single-family dwellings in at least two major cities, Philadelphia
and Detroit. The cost of repossessing the housing is staggering,
$200 million in these two cities alone. In Detroit, HUD and GAO
experts estimate that the Federal Government has lost about
$10, 000 per house and would have to invest another $9,000 in each
house to make it more liveable, and still there probably wouldn’t
be any buyers.
LIFE CYCLE PERFORMANCE STANDARD
We need an entirely new housing policy, one based in a broad
perspective that recognizes housing as part of a larger eco-system
of social requirements and costs. This viewpoint necessitates a
life cycle definition of housing requirements and costs to the in
dividual and the larger society. For the unit itself this means an
accounting of: first cost, cost of money, cost of use-denial,
operation and maintenance, rehabilitation, conversion, demolition.
Housing induced costs to the larger society are more difficult but
include items in the categories of: public safety costs of deterio
rated houses and neighborhoods, use-denial costs of capital in
vested in housing, costs in fixed public utilities and facilities for
given development patterns, costs in discarded fixed public utilities
and facilities associated with abandoned homes and neighborhoods,
economic activity generated by replacement of obsolete or sub
standard dwellings. Additionally, there are many housing-related
factors such as general environmental quality which are not easily
given a dollar figure but still have deep economic implications.
With this comprehensive definition of life cycle building costs
it becomes possible to begin to develop a more realistic housing
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policy. Such information would allow one further innovation: hous
ing policy developed to the level performance necessary to meet
stated national housing goals. Past housing policies, in contrast,
have relied too heavily on only hopes and expectations. Perfor
mance standards establish how the elements of a structure must
perform to meet certain requirements rather than prescribing an
acceptable response to a particular situation. This definition
would be retained in developing a new housing policy but it would
be interpreted more broadly.
HUD presently is completing a performance specification,
Guide Criteria for the Design and Evaluation of Operation Break
through, covering all dwelling types from single-family detached
to multi-family highrise. This excellent document is chiefly con
cerned with matters of health, safety and comfort. However, it
could be expanded to include standards of maintenance, operational
expense, longevity, permutability, disposability, e tc .; standards
that would apply to each element of life cycle housing costs. Such
a performance guide depends on more data than is presently avail
able and would be impossible to list here. Yet, it is valuable to
touch on the general nature of such a guide in order to illustrate
the complexity of interrelationships it should resolve.
Criteria concerned with the maintenance and operation of a
housing unit, permutability in relation to use or rehabilitation or
demolition are essentially technical problems. They would, there
fore, fit fairly comfortably into the format already established by
the HUD document. Policy questions, however, are not strictly
technical and are subject to complex interrelationships of market
and non-market factors. These form the difficult areas of any
comprehensive performance standard for housing.
A highly simplified look at housing stock replacement rates,
for example, reveals this complexity. Replacement rate require
ments are established by: 1) setting optimum economic life for
units of a given quality-type; 2) balancing this against the outright
loss of units to the housing stock for that quality-type; 3) all the
forementioned factors are then integrated with the rate of consumer
improvement demand. Consumer improvement demand is a pre
diction of what the demand for housing improvements will be over
a given time period, combined with what policymakers determine
will most benefit the overall housing stock during that same period.
Whether the housing stock should be replaced continuously over
that period, or totally at one time, have wide ramifications and
are questions that add further to the complexity of establishing
such standards. Related policies establishing elements such as
minimum space and quality standards are established in other
parts of the performance criteria, but must be reflected in the
replacement rate policy requirements. Finally such a guideline
to replacement rates must have the flexibility and fine control to
respond to local deviations from the National Standard.
All elements of the housing policy would be delineated by these
specific standards of performance, and though the effects on the
housing sector are not entirely clear, they would be many. It
seems likely, for example, that there would be an increased em
phasis on the modification of housing. This, in turn, would bring
change in other components of the housing sector. Financial in
stitutions might provide long term loans for re-modeling not gen
erally available at present. Tenure patterns might lengthen,
restricting the filtering that does exist. An entirely new industry
of standard replacement components might emerge.
In almost all areas of such a guideline, the voice of the con
sumer would be strengthened.
IMPLICATIONS
The contention here should be clear. There is a defacto limit,
below which it is impossible to build housing in this society. That
limit should be recognized, as should the fact that first costs are
only a small part of the economic activity associated with a housing
unit over its life. That in fact we should not limit our concern to
first costs but should seek to rationalize lifetime costs. Society
has committed itself to decent housing for all, including outright
subsidy where necessary. It should therefore recognize the nature
of its commitment, including the larger costs to itself and seek to
optimize the whole even though initial costs for individual units
might increase. Actually realizing this optimal condition depends

on a workable, comprehensive policy that subjects the various
components of the housing sector to uniform standards of perfor
mance .
Such a comprehensive standard implies the active role of the
Federal Government. But, there is a backlash growing against
federal involvement in housing. Fortune magazine, for example,
recently called for a return to reliance on the market with the
federal government confining itself to “ providing broad incentives
and refereeing conflicts between various groups of citizens. ” (8)
But falling back on the market simply says that the problem is
not within our grasp. We would lose a great foothold of valuable
though costly experience and allow the largest component of our
national investment to wander, thereby lessening our ability to
manage the nation’s economic well-being. And still our housing
problems would not disappear. Political pressure would inevitable
grow again for immediate solutions, the pendulum would swing,
and we would be back to a chaotic mixture of short-term cures.
For those of us involved in housing industrialization and sys
tems, these are critically important issues. Industrialization
depends on a predictable market; a comprehensive housing policy
provides this. Conversely, a workable housing policy depends on
uniform standards and predictable levels of performance from the
individual units within the housing stock—concepts at the very heart
of industrial production. Plainly, our housing problems cannot be
solved without a comprehensive housing policy, and this will be
difficult to implement without the long term commitment of true
industrialization, commitment that utilizes industrial capabilities
and resources to control planning, design, construction, operation,

maintenance, rehabilitation and final disposal of all units within
the housing stock. Long term commitment will not be feasible or
attractive until a method is devised to measure the social and
economic long-term value of housing. Long term evaluation re
quires performance criteria, both accurate and relevant, by which
to measure.
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